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Objectives
• To assess the relative effectiveness of high-dose

myeloablative therapy and progenitor cell trans-
plantation (HDT/PCT) compared with conven-
tional therapy for the treatment of malignancy.

• To assess the relative cost of HDT/PCT versus
conventional chemotherapy (CC).

• To assess the efficacy and cost of bone marrow
transplantation (BMT) versus peripheral blood
progenitor cells transplantation (PBPCT).

Methods

A systematic review of the published literature 
was performed.

Malignancies included
Acute myeloid leukaemia (AML), acute lymphoblastic
leukaemia, chronic myeloid and chronic lymphocytic
leukaemia, malignant lymphoma, multiple myeloma,
and breast, ovarian, lung and testicular cancer. 

Study selection
No language restrictions were imposed. Studies
were eligible if they:

• compared HDT/PCT with CC in the above
malignancies with regard to survival and/or
progression-free survival (PFS) (comparison
could be at any stage of therapy)

• reported an economic evaluation of HDT/PCT
compared with CC, or of the use of BMT 
versus PBPCT

• compared the long-term (> 100 days) toxic 
effects of HDT/PCT with those of CC

• reported the use of cord blood as a source of
progenitor cells.

Data sources
Published studies were identified using electronic
literature searches of Cancerlit, Embase, Medline
and the NHS Economic Evaluation Database
(searches up to and including 31 January 1997). 
A second search for randomised controlled trials
(RCTs) was completed on 1 June 1997. These
searches were supplemented by handsearching of
conference proceedings of the American Society 

of Haematology (1992–1996), European Bone 
Marrow Transplantation Group (1992–1997), the
International Society for Experimental Hematology
(1992–1996) and the European Haematology Asso-
ciation (1994–1996). In addition, the UK Coordin-
ating Committee on Cancer Research Cancer Trials
Register and the National Cancer Institute PDQ
database were searched for reports of eligible on-
going and unpublished trials, although no addi-
tional information was sought from these studies. 

Data extraction was performed independently by
two reviewers.

Data synthesis
Quantitative analysis was performed on data from
RCTs and controlled clinical trials (CCTs) only. No
comment was made on the results of the cohort stud-
ies. For economic analyses, costs were converted into
1993 US$ using purchasing power parities published
by the OCED and the US All Goods Consumer Price
Index published by the Bureau of Labor Statistics. 

Results

Studies identified
• Twenty-six RCTs comparing HDT/autologous

transplantation with CC and 23 CCTs com-
paring HDT/allogeneic transplantation with 
CC (the majority of these were in 
haematological malignancies). 

• Five RCTs comparing BMT with PBPCT.
• Fifteen studies comparing the cost of HDT with

that of CC (four using data from RCTs or CCTs).
• Fourteen studies comparing the cost of BMT 

with PBPCT (two using data from RCTs).

Results of clinical efficacy studies
HDT with autologous transplantation
For the majority of disease sites investigated few
RCTs were identified. Those that were identified
were generally too small to detect moderate survival
differences and poor data reporting restricted
quantitative synthesis. In multiple myeloma and
adult AML in first remission, fixed time-point
analysis perhaps suggested possible improvements
in PFS following HDT/autologous transplantation,
and in childhood AML the results may suggest a
survival benefit for CC. It must be stressed, however,
that in no disease site was there sufficient reliable

Executive summary



evidence, that it was not possible to include all
identified trials in the analyses, and that fixed time-
point analysis is not the most informative means of
summarising time-to-event data. Therefore at pre-
sent there is insufficient reliable evidence to deter-
mine whether HDT with autologous transplant-
ation is of benefit in the treatment of any of the
malignancies studied.

HDT with allogeneic transplantation 
No RCTs comparing HDT/allogeneic transplantation
with CC were identified. All prospective trials deter-
mined the allocation of treatment on the basis of the
availability of an appropriate sibling donor. There are
many biases associated with non-randomised trials
and as only the published reports were available to
this review, we were unable to determine the validity
of the treatment allocation process and therefore the
reliability of the results. For the majority of leukaemic
conditions there were insufficient trials, including
insufficient patients, to be able to determine whether
HDT with allogeneic transplantation is of benefit.
However, in childhood AML in first remission, there
is perhaps some suggestion from pooled results of
four trials (1017 patients analysed) that there may 
be a PFS benefit. However, due to incomplete data
reporting it is not possible to determine whether
there is an overall survival benefit. 

BMT versus PBPCT
The five randomised studies identified differed in
their administration of granulocyte colony stimulat-
ing factor. However the results suggest that the use
of growth factor-primed progenitor cell transplants
results in faster engraftment than bone marrow
harvested without growth factor priming. There was
no evidence of a difference in PFS or overall survival
between the two sources of progenitor cells. 

Economic analyses
Most comparisons of HDT/PCT with CC
considered only the costs of the procedure. The
use of HDT/PCT was found to cost 1–2 times that
of CC in the treatment of acute leukaemia. In other
malignancies HDT was 1–4 times the cost of CC. 
No cost effectiveness analysis was possible. 

The use of BMT was found to be approximately 
1–1.7 times the cost of PBPCT.

Cord-blood transplantation
Several reports of single transplantation and case
series have been published. The initial successes 
of transplanting patients with cord blood has led 
to the establishment of cord-blood banks both in
Europe and the USA. The efficacy of cord blood 
as a source of progenitor cells has yet to be tested

in a randomised fashion and its use poses several
controversial ethical issues.

Long-term toxicities
Very little data were available to compare the long-
term toxic effects of HDT/PCT and CC.

Conclusions

As a whole the review has found no conclusive evi-
dence that HDT/PCT is superior to conventional
treatment in terms of survival or PFS. Conversely, 
it has not demonstrated that it is inferior. Given the
overall pattern of results, HDT/PCT appears to be
a therapy worthy of further exploration. 

As few prospective economic analyses were identi-
fied it is not possible accurately to determine the
comparative cost of HDT/PCT and CC. 

Implications for clinical practice
• If sufficient reliable evidence of the comparative

benefits of HDT/PCT and CC is to be gathered,
then ideal clinical practice should be to consider
all patients for whom transplantation is a treat-
ment option for entry into an RCT or CCT.

• In some disease areas the use of HDT/PCT 
has become adopted as standard therapy on the 
basis of very limited evidence. These include
intermediate-grade non-Hodgkin’s lymphoma in
second remission, recurrent Hodgkin’s disease,
and chronic phase myeloid leukaemia. In view 
of this, RCTs could be difficult to conduct in 
these areas.

• There is currently insufficient evidence to sup-
port the introduction of cord-blood transplant-
ation into routine clinical practice without
prospective randomised evaluation.

Research recommendations
• In some disease areas there are a number of 

on-going trials which should be supported. In
other disease areas there is an urgent need for
high-quality trials aiming to randomise enough
patients to give sufficient power to detect
moderate differences in outcome. 

• RCTs and CCTs should include long-term 
follow-up, particularly for trials involving a 
young patient population in which long-term
toxicity is an issue. 

• Prospective health economic assessments, ideally
using data from RCTs and CCTs, are necessary 
for each disease area and stage.

• More complete reporting of trials is necessary so
that clinical judgements can be based on all of
the available results of a trial.iv

Executive summary
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More than 30 years ago it was discovered that
bone marrow destroyed by intensive chemo-

therapy could be successfully replaced by healthy
marrow from another individual. This approach
was seen to have potential uses in several settings
including the treatment of bone marrow disorders
and solid tumours. In the treatment of bone
marrow diseases, both inborn (e.g. enzyme
deficiencies) and acquired (e.g. leukaemia), 
the aim of transplantation is replacement of
defective marrow cells. In the treatment of other
malignancies, where it is proposed that more
intensive chemo- and radiotherapy regimens may
have an increased cytotoxic effect on malignant
cells, bone marrow transplantation (BMT) is 
used to overcome the acute myelotoxicity and
associated risk of lethal infection and bleeding.

Because of the toxicity of high-dose therapy (HDT)
and BMT this approach has traditionally been used
only for treatment with curative intent. However,
with increased experience and better control of
toxicity, it is becoming more commonly used in the
treatment of less chemo-sensitive tumours, either
for metastatic disease or in the adjuvant setting
where the risks of therapy were previously thought
to outweigh the potential benefits.

Progenitor cell transplantation

BMT, or more accurately progenitor cell
transplantation (PCT), initially involves – before
HTD – the collection of precursor haematopoietic
progenitor cells (stem cells) from either a healthy
human leukocyte antigen-matched sibling or an
unrelated donor with the appropriate tissue type
(allogeneic transplantation), or from the patient
themselves (autologous transplantation). On
completion of treatment stored stem cells are re-
infused into the patient, whereupon they migrate
to the bone marrow to aid haematopoetic recovery
and ‘rescue’ the patient from lethal myelotoxicity.

In the context of this report HDT/PCT is con-
sidered to mean the myeloablative chemo- and
radiotherapy treatments together with PCT.

Allogeneic transplantation, which has been largely
restricted to the treatment of leukaemias, generally

uses marrow from matched sibling donors. This
type of transplant may have a therapeutic benefit
beyond aiding haematopoetic recovery, as the
transplanted cells exert an immunological effect 
on the leukaemia. The treatment, however, may
also invoke graft versus host disease (GVHD), a
condition in which the infused cells recognise the
patient as foreign and establish a hostile immune
response. Not all patients will have a suitable sibling
donor, so at present allogeneic transplantation has
limited applicability. However, with an increasing
ability to prevent and manage GVHD and the use
of tissue-type matched unrelated donors (MUDs),
the potential uses for allogeneic transplantation 
are increasing, although the toxicity of MUD
transplantation is still higher than that of sibling
transplantation. In contrast, since autologous
transplantation utilises a patient’s own cells, it 
is more widely applicable and not liable to give 
rise to GVHD. Autologous rescue has been used 
as part of the treatment of patients with a variety 
of malignancies.

There are two major sources of stem cells: the 
bone marrow where they are produced, and the
peripheral blood. Under normal circumstances, 
the concentration of stem cells in the general
circulation is low; however their numbers can 
be greatly increased following the administration 
of growth factors with or without chemotherapy.
Harvesting stem cells from the peripheral blood 
as opposed to the bone marrow has potential
advantages; the procedures for collection are less
invasive and the time to haematopoetic recovery 
is generally thought to be decreased, which 
could result in a reduction in hospitalisation 
and possibly in costs.

Benefits and risks

As for any treatment, the potential benefits of
HDT/PCT must be balanced against serious
potential risks. In some illnesses HDT/PCT may
offer an increased chance of cure or at least pro-
longed survival time. However, in other diseases,
even if transplantation offered only equivalent
survival time, a shorter treatment duration may be
a major advantage. For example, the conventional
treatment for acute lymphoblastic leukaemia 
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(ALL) in second remission normally lasts up to 
2 years whereas HDT with autologous BMT lasts
only 3 months. Decreasing treatment time may
improve a patient’s quality of life and reduce costs.
Similarly, HDT/PCT could increase the duration 
of progression-free survival (PFS) without affecting
overall survival but thereby reducing the number 
of treatments a patient requires.

It is thought that PCT, especially allogeneic
transplantation, may be associated with higher
treatment-related morbidity and mortality than
conventional chemotherapy (CC). It is also possible
that patients receiving HDT/PCT are at greater 
risk of long-term toxicities than patients who are
treated with CC. Long-term toxicities which have
been associated with HDT/PCT include secondary
cancers, serious cardiac and pulmonary compli-
cations, cataracts, gonadal and other hormonal
dysfunction, and psychological problems, many of
which have also been linked to the administration
of conventional dose chemotherapy.

Cost and cost-effectiveness

HDT/PCT is generally considered to be an
expensive procedure, and while this may be true 
of the cost of initial treatment there is no reliable
evidence as to the comparative costs, when set
against conventional therapy, if an evaluation
accounts for long-term events.

The extra initial cost of HDT/PCT in comparison
with conventional therapy comes mainly from
progenitor cell harvesting and processing, blood
products used, and antimicrobial support, together
with increased hospitalisation, as treatment is given
almost exclusively on an inpatient basis. Allogeneic
transplantation is thought to cost more than
autologous transplantation because of additional
expenses including tissue typing and immuno-
suppressive regimens. However, if HDT/PCT cures
a greater percentage of patients, then the cost of
treating relapses will be reduced; if the difference
in the cure rates is large, then HDT/PCT could
become the more economically favourable treat-
ment. In contrast, if the incidence of long-term
toxicities is high, the full cost of HDT/PCT is 
likely to become much greater than that of
conventional therapy.

Current status

As the potential applications of HDT/PCT increase
so do the number of procedures performed. The

European Bone Marrow Transplantation Group
(EBMT), who have published guidelines on the 
use of HDT/PCT1 (see appendix 5), estimated 
that less than 200 transplants were performed 
in Europe in 1980,2 with this figure rising to 
over 12,000 in 1994.3 Previously the greatest
transplantation activity was in the haematological
malignancies; however the use of HDT/PCT is 
now increasing in the management of solid
tumours both for metastatic disease and as 
adjuvant treatment after surgery.

The current use and application of HDT/PCT
varies widely between diseases. For some condi-
tions, such as chronic myeloid leukaemia (CML),
results with CC are considered to be so poor that
allogeneic transplantation has become standard
practice. In other conditions, for example lung 
and ovarian cancer, the process is still considered
relatively experimental.

The introduction of HDT/PCT into medical
practice has taken place largely on the basis of
information from case series and cohort studies
and few randomised controlled trials (RCTs) have
been conducted. Establishment of the advantages
and disadvantages of HDT with either autologous
or allogeneic rescue therefore requires more
reliable evidence from RCTs and systematic
synthesis of that information.

New approaches

With HDT becoming increasingly common, 
new technologies and approaches are being
investigated in an attempt to increase efficacy 
and applicability, and to reduce long-term com-
plications and toxicities. One important area of
research is the identification of those patients who
are most at risk of failure on conventional therapy,
whose condition may warrant intensive treatment.
Conversely, it is also necessary to identify patients
least at risk who may be cured by CC. It has not
proved straightforward to identify reliable risk
factors, especially in some haematological malig-
nancies, but progress in these areas may come 
from advances in the understanding of the cellular
pathogenesis of malignancy and the development
of prognostic factor indices from large patient
registries, coupled with appropriate RCTs. In these
ways, in the future it may be possible to identify
groups of patients who are likely to benefit most
from HDT/PCT.

Autologous transplantation carries a small risk 
that stem cells re-infused following myeloablative
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therapy are contaminated by malignant cells
removed from the patient during harvesting which
may cause future relapse. Techniques have been
developed which aim to reduce this possibility by
either removing unwanted cells or positively select-
ing stem cells (purging), but as yet there are no
results from RCTs to establish the efficacy of 
this approach.

To improve the availability of MUD grafts for
allogeneic transplantation, the use of umbilical
cord blood harvested from the placenta following
birth is being investigated as an alternative source
of stem cells. The naïve immune repertoire of the
neonatal system may pose a lesser risk of GVHD
than other allogeneic transplantations and the
method of collection avoids invasive procedures.
The feasibility and cost of collection and storage 
of cord blood have yet to be fully assessed.

Systematic review

Although there are several thousand papers and
abstracts reporting the results of PCT series, there
is still great uncertainty as to the true effectiveness
of HDT/PCT. This review has therefore been
undertaken to assess the published evidence 
for the efficacy of HDT/PCT compared with
conventional therapy in a variety of malignancies.

The best evidence of the effectiveness of healthcare
interventions comes from the results of RCTs and
the biases associated with non-randomised studies
are well established.4 To avoid bias and to maximise
reliability, systematic reviews are usually restricted 

to evidence from RCTs. For most disease areas
considered, that approach has been applied 
in the present review, with quantitative analysis
restricted to the results of RCTs.

No RCT was identified that compared the efficacy
of allogeneic transplantation with that of conven-
tional therapy, owing to the recognised difficulties
of carrying out RCTs for allogeneic transplantation.
Therefore, for leukaemia (the only disease site for
which allogeneic transplantation is commonly
used) the findings of pseudo-randomised con-
trolled clinical trials (CCTs), in which the use of
allogeneic transplantation is determined by the
availability of a matched sibling marrow donor,
have been assessed and analysed. No CCTs of
allogeneic transplantation were identified for 
any other disease sites. The results of these CCTs
must be considered in the light of the potential
problems associated with their methodology.

This systematic review aimed to identify all relevant
published studies of HDT/PCT, appraise the cur-
rently available evidence, and provide an objective
and comprehensive summary of that evidence. 
As in any rapidly evolving field, new evidence is
continually emerging. This is especially true of
HDT/PCT in which for many diseases there are
more patients included in on-going trials than in 
all published RCTs.

The present review has, as far as possible, identified
on-going and recently closed trials and it is recom-
mended that the conclusions are considered in
conjunction with the results of these RCTs when
they are published.
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Introduction
This review investigated the effectiveness of
HDT/PCT compared with CC in malignant
lymphoma (non-Hodgkin’s lymphoma and
Hodgkin’s disease), multiple myeloma, leukaemia
(acute and chronic), germ-cell tumours and in
breast, ovarian and lung cancer. These disease sites
were chosen as they represent the areas in which
most transplantation activity has been focused in
the past and in which, owing to the incidence of
the disease, the clinical and economic impact is
likely to be greatest. The review also assessed the
literature relating to the cost-effectiveness and long-
term toxicity of HDT/PCT compared with CC, and
the literature concerning the use of cord blood. In
addition, RCTs comparing BMT and peripheral
blood progenitor cell transplantation (PBPCT) 
were reviewed.

Given the limited time that was available, the 
review is based on the published literature only 
and no results from unpublished trials are includ-
ed. It is therefore possible that the review suffers
from publication bias,5 whereby the results of
positive trials are more likely to appear in print
than those of negative or inconclusive trials.

The methodology used was pre-specified in the
systematic review protocol, which is reproduced 
in appendix 1.

Study identification

Studies were identified by searching the following
electronic databases up to and including 
31 January 1997:

• Medline
• Embase
• Cancerlit
• Cochrane Controlled Trials Register
• NHS Economic Evaluation Database.

Medline, Embase and Cancerlit were re-searched
for RCTs on 1 June 1997 to identify any RCTs that
may have been indexed between January and 
June. RCTs were also identified by searching the
UKCCCR Trials Register, Center Watch Clinical

Trials Listings, and the Physicians Data Query
(PDQ) database (see appendix 4). Planned
searches of the Science Citation Index and 
Biossis were not done because preliminary
investigations found that they yielded no addi-
tional useful information. All journals that were 
a priori deemed by the clinical coordinators to 
be potentially important sources of relevant
publications are indexed on one or more of 
the electronic databases searched. Therefore,
although it is recognised that bibliographic 
tagging and indexing are not always compre-
hensive,6 no handsearching of journals 
was performed.

Conference proceedings of the following
organisations were handsearched for RCTs and
CCTs and also for abstracts relating to use of cord
blood, long-term toxicity, and cost-effectiveness:

• European Haematology Association 
(1994–1996)

• EBMT (1992–1997)
• American Society of Hematology (1992–1996)
• International Society for Experimental

Hematology (1992–1996).

The 1997 proceedings of the EBMT were also
handsearched to identify more recent RCTs 
and CCTs.

Electronic databases were searched using a 
slightly modified version of the Cochrane
Collaboration strategy for identifying RCTs,6

together with more general strategies which 
aimed to be comprehensive and identify non-
randomised comparative studies and papers
relating to the use of cord blood, long-term 
toxicity, and cost-effectiveness. These search
strategies were listed in the systematic review
protocol (see appendix 1).

Eligibility criteria

Studies investigating the efficacy of
HDT/PCT
Studies investigating the efficacy of HDT/PCT 
were eligible for inclusion in the review provided
that the authors stated that HDT was administered
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(no judgement was made by the reviewer as to
whether the HDT was truly myeloablative) and the
patients were intended to receive PCT. The study
must also have investigated survival and/or PFS 
and included a conventional therapy comparator 
arm. PFS was defined as patients alive and
progression-free at time of analysis. RCTs which 
did not report on these end-points but which 
were otherwise eligible for the review are listed 
in appendix 2.

Economic evaluation studies
All studies that made an economic evaluation 
of HDT/PCT compared with CC and/or those 
that calculated the cost of administering HDT/
PCT in the UK were included. In addition, all
studies that compared the economics of the 
use of BMT with that of PBPCT were 
also included.

Studies investigating the use of 
cord-blood transplantation
All publications in which the authors stated that
cord blood was used as a source of progenitor 
cells for use in conjunction with HDT in humans
were reviewed.

Studies investigating long-term 
toxic effects
All papers in which the authors stated they were
comparing long-term (> 100 days) toxic effects 
of HDT/PCT and a control CC population 
were included.

Trials comparing BMT with PBPCT
All trials that randomised the type of haemato-
logical support (either bone marrow or peripheral
blood progenitor cells [PBPCs]) which patients
were to receive following HDT were included.

End-points

The end-points of survival and PFS were 
chosen because they provide the most clinically
relevant measures of a treatment’s efficacy in 
these diseases.

PFS is the time a patient remains alive and free
from worsening disease. In the treatment of 
many malignancies, PFS is an important end-
point: the longer a patient can remain progression-
free, the less treatment they require. If the
effectiveness, in terms of survival, of two treat-
ments were equivalent it would usually be
preferable to treat patients with the therapy 
that gave the longest PFS.

Classification of studies
Studies comparing the efficacy of HDT/PCT with
CC were classified as follows:

• prospective RCTs
• prospective CCTs with pseudo-randomisation

(e.g. transplantation given to all patients who
had a matched sibling donor)

• prospective cohort studies with a non-
randomised comparator (including matched
controls from a national/international registry
and historical controls)

• retrospective cohort studies with 
non-randomised comparators.

For each disease site a decision, based on the
number of trials, patients and events, but without
knowledge of the results, was made as to which
level of evidence should be considered. If sufficient
evidence was available from the RCTs then no
other studies were reviewed. Similarly, if sufficient
evidence was available from the RCTs plus CCTs
then no further studies were reviewed. Otherwise
all the above categories of study were included, but
no conclusions were drawn from cohort studies. 
No case series were included.

Data extraction

For each disease site, all titles identified by 
search strategies were assessed for relevance by 
one reviewer and a random sample of 10% of the
titles was assessed by a second reviewer to check 
for consistency and completeness. Abstracts were
downloaded for titles judged to be potentially
relevant and then full publications were obtained
for all abstracts that indicated potentially relevant
studies. (Full papers were also obtained when the
abstract did not give a clear indication of the
relevance of the study.) All eligible publications
were reviewed by at least one clinical and one non-
clinical reviewer. Data were extracted using data
extraction sheets (see appendix 1). Discrepancies
were resolved by discussion and by seeking a third
opinion when necessary. When studies generated
multiple publications the most recent paper con-
taining sufficient information was used for data
extraction and earlier full publications were 
cross-referenced.

Analyses

Quantitative analyses were performed only for
RCTs and CCTs. Information on cohort studies 
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was included in tables, but owing to the well-known
problems associated with such studies no data
synthesis was attempted. It was stated in the 
review protocol that the published results of RCTs
would be analysed and statistically combined by
calculating hazard ratios either based on summary
statistical information7 or estimated from a series 
of points on survival curves. However, the former
proved impossible because statistical reporting 
was incomplete and of a generally poor standard,
and the latter was impossible because many 
papers did not present survival curves. Therefore,
odds ratios (ORs) were calculated at one or more
time-points for each disease site and end-point. 
The time-points used were selected according 
to clinical importance and the maturity and
availability of data presented. The observed and
expected number of events were either read 
from the publication or calculated from curves.
These were then used to calculate ORs for
individual trials and combined using the Peto
method according to the fixed effect model.8

Ideally, the number of patients and events in-
cluded in these calculations should have been
adjusted to account for immature data.7,9 How-
ever, the information required to make such
adjustments was presented in so few trial reports
that adjustment was impractical. Medical 
Research Council (MRC) Cancer Trials Office 
in-house software was used to perform the 
statistical analyses and produce the 
OR plots.

Where trials with multiple CC arms presented
individual analyses of HDT/PCT versus each
chemotherapy arm, these are given in the summary
tables. However, for the combined analysis, the
numbers of events on each of the CC arms were
summated to a single value, giving the number 
of events on treatment compared with control. 
To do otherwise would essentially mean multiple
counting and including the HDT/PCT patients
more than once.

Chi-square tests for heterogeneity10 were used 
to test for gross statistical heterogeneity between
individual trials, and chi-square tests for interaction
were used to test for gross statistical heterogeneity
between groups of trials. Unless otherwise stated 
all p values are on 1 degree of freedom.

Explanation of presentation 
of results
In discussing the results of individual trials, most
emphasis is placed on the survival results reported

for the log rank test, where available. This is
because these are time to event analyses (from
which a hazard ratio could be calculated if
sufficient information was presented), giving an
overall summary of the entire survival experience.
If such information was not reported, the ORs
which were calculated at specific points in time 
are discussed. It is possible that these ORs may not
always be consistent with the overall conclusions of
an individual trial as the calculations account for
only the total number of events at a particular point
in time and do not account for time to event or the
shape of a survival curve. This may be a particular
problem if ORs are calculated at points of maximal
or minimal curve divergence or in cases in which
the survival curves cross.9 For the reasons stated
above, the results of individual trials were com-
bined to produce pooled ORs at specific time-
points and it is these that are discussed in terms 
of estimates of overall effect.

Explanation of tables

Tables of studies included in the review are
presented separately for RCTs, for CCTs and for
other comparative studies.

The years of patient entry are presented along 
with brief details of the treatment regimens used in
studies of solid tumours, lymphoma and myeloma.
For leukaemia, details of the type of therapy used
are listed, but individual chemotherapy regimens
are not presented, as standard accepted regimens
are both long and complex. The drug abbreviations
used in the tables are listed on page ii.

For RCTs and CCTs, median survival and PFS are
listed as well as percentages at chosen time-points.
Unless otherwise stated, quoted rates are estimates
given in the text or read from Kaplan-Meier curves.
Reported summary statistics relating to these 
end-points are presented (unless stated otherwise
these refer to the results of the log rank test), as 
are ORs calculated for the review. Owing to the
unreliability of other types of study no reported
statistics or calculations are presented. For the 
end-point of PFS, progression or death is counted
as an event and this information is presented 
only for those trials that define the end-point 
in this way.

The comments column gives further explanation 
of the data when necessary, highlights any potential
problems or notable features of the study design,
and presents a brief indication of the authors’
conclusions for RCTs.
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Explanation of plots

The OR for each trial is represented by the central
square on each bar, the size of which is directly
proportional to the amount of information avail-
able in the trial. The outer limits of the bar repre-
sent the 99% confidence interval (CI) and the
inner tick marks show the 95% CI. The vertical line
drawn through the OR value of 1.0 indicates no
difference between the two treatment arms. An 
OR lying to the left of this line, with an OR < 1.0,
suggests an advantage to HDT/PCT whereas an 
OR lying to the right of the line, with an OR > 1.0,
suggests a benefit to CC. If a CI crosses this line,
then the result for that trial did not reach signifi-
cance at conventional levels. The diamond shown
below a group of trials represents the combined
result for those trials. The diamond is centred on
the combined OR estimate and the edges of the
diamond indicate the 95% CI.

Data included

Search strategies identified almost 14,000 poten-
tially eligible titles from which 1301 potentially
eligible abstracts were identified. After reviewing 
all of the abstracts, 566 publications were deemed
potentially relevant and were reviewed in full (see
Table 1). Ultimately 26 RCTs, 22 CCTs and 48 other

studies were included in this systematic review of
the efficacy of HDT/PCT.

For acute myeloid leukaemia (AML) the review 
was restricted to RCTs/CCTs. For all other disease
sites, comparative cohort studies were also
reviewed. A total of 3479 patients (who received
either HDT/PCT or CC) were included in 
RCTs, more than 2500 patients were included 
in CCTs, and 9008 patients who received HDT/
PCT were included as part of other non-
randomised studies.

TABLE 1  The numbers of titles, abstracts and papers reviewed

Disease site Titles Abstracts Papers 
reviewed reviewed reviewed

Breast 1893 134 68

Lung 971 78 39

Testicular 251 251 30

Ovarian 117 117 35

Lymphoma + 5563 371 189
myeloma

Leukaemia 5167 350 205

Total 13,962 1301 566
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It is in the treatment of acute leukaemia that
HDT with autologous or allogeneic transplant-

ation has been pioneered. Sibling allografting,
where available, may be used preferentially because
the donor cells themselves are thought to have an
immunological effect against the tumour – a graft
versus leukaemia (GVL) effect – and there is a very
low possibility of cancer cells being re-infused.
Sibling allogeneic transplants are not widely applic-
able owing to small family sizes in the developed
world and there being only a 1 in 4 chance that a
potential sibling donor will have immunologically
compatible marrow. In addition, transplant-related
mortality increases with age because of the increas-
ing morbidity associated with GVHD. To increase
the number of available donors, stem cells from
MUDs have been tested. The mortality and
morbidity associated with this process are higher
than with sibling grafts and it remains an
experimental procedure.

As with all therapies the most reliable evidence 
of a treatment’s relative efficacy comes from the
results of RCTs. For autologous transplantation 
the conduct of such trials is relatively straight-
forward. However, it is more difficult to perform
RCTs for sibling allogeneic transplantation because
not all patients will have an appropriate donor.
Prospective trials that have attempted to determine
the effectiveness of sibling allogeneic transplant-
ation have allocated treatment on the basis of

donor availability. Although this process is
sometimes termed ‘genetic randomisation’, 
there are many biases associated with this way of
allocating treatment. Not least, patients who are
known to have a compatible sibling donor are 
often compared with all other patients regardless 
of whether their marrow was sent for genetic
typing. In interpreting the results of such trials
(CCTs) it is important to consider the short-
comings of this design (Figure 1). As described 
in chapter 2, the results of RCTs are presented
separately from those of CCTs.

For trials which include both a true randomised
comparison of autologous PCT versus CC and a
comparison of sibling allogeneic PCT versus CC,
results of the autologous transplantation versus 
CC randomisation are presented in an RCT table.
The results of the allogeneic transplant versus 
CC comparison appear in a table of cohort studies. 
It is inappropriate to perform any data synthesis 
on the comparison of a cohort of patients random-
ised to receive CC with a cohort of patients with 
a sibling donor, as it is likely that the CC arm will
contain a more select group of patients. This is
because patients with a sibling donor are likely 
to have been selected at an early stage as they will
possibly have had tissue typing early in induction,
whereas those randomised to CC will have com-
pleted induction therapy and have been judged 
fit enough to undergo randomisation (Figure 1).

Chapter 3

Introduction to acute leukaemia trials
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Not typed

Patients in remission

Typed

A
No donor

B
Donor

Randomised trial No randomisation

Patients not 
randomised

Patients
randomised

Not
transplanted

Allogeneic
BMT

Conventional
chemotherapy

Conventional
chemotherapy

Autologous
BMT

F G

C D E

Because the treatment of acute leukaemia is generally standardised across centres, the approach used to conduct most controlled
trials is similar. Following induction treatment, patients in remission are given additional therapy to consolidate their response.
Patients with a compatible sibling donor (B) undergo HDT with allogeneic BMT. All other patients receive conventional therapy.
In some trials those patients without a compatible donor are then randomised to receive either conventional consolidation chemo-
therapy (G) or HDT and an autologous bone marrow transplant (F) (shaded areas in schema).

As with all clinical trials, not all patients will follow the protocol design due to health status, preference or eligibility. When
considering the validity of a trial it is important to determine whether these patients have been included appropriately in any
analysis (i.e. an intention to treat analysis).

Denotes schema if randomisation between CC and autologous BMT is part of the trial.

RCTs
RCTs comparing autologous transplantation with CC compare the outcome for patients who reach box F with the outcome for
patients who reach box G.

CCTs
CCTs investigating the potential benefit of sibling allogeneic transplantation compare the outcome of patients in box B (regardless
of whether they actually receive a transplant) with patients in box A.

Cohort studies
It is often unclear from a report of a trial (especially an abstract) whether a study is a CCT or if it is comparing patients who
received a transplant (box D) with all the patients who did not receive a transplant (box E), did not have a donor (box A) or did
not even get tissue typed.

The comparison of patients who receive CC in a truly randomised part of a trial with patients who have a matched donor allocated
allogeneic transplantation (box G versus box D) is considered to be a cohort study as the groups are unlikely to contain
comparable patients.

FIGURE 1  Typical simplified schema for trials comparing HDT including sibling allogeneic or autologous transplantation with CC in
acute leukaemia
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Introduction

ALL accounts for approximately 80% of all
childhood leukaemias.11 The provision of treatment
in the UK is highly organised with the majority of
cases being treated in dedicated units in teaching
hospitals and almost all patients following MRC
trial protocols. Although it is likely that there are 
a number of distinct disease entities within this
overall umbrella, when taken as a whole, CC is
highly effective.

Following standard therapy, approximately 95% 
of patients achieve a first complete remission, and
around 70% remain free of disease in the long-
term.11 Treatment is protracted, being given in
intensive phases which involve hospitalisation
(induction and consolidation) followed by a main-
tenance phase which is given on an outpatient basis
over a 2-year period. Although this treatment is
highly successful, it is associated with appreciable
morbidity, and expense, and it has therefore been
suggested that HDT with autologous transplant-
ation may have a role in consolidating first remis-
sion by reducing the total treatment time and
potentially improving a patient’s quality of life.

For patients whose disease recurs, the outcome 
is much worse, with about 70% reaching a second
remission and up to 30% remaining free of the
disease in the long-term.12,13 At second relapse 
the outcome is even more unfavourable. This 
has warranted the testing of both allogeneic and
autologous transplantation in patients whose
leukaemia is chemosensitive. Preliminary cohort
studies of HDT with allogeneic BMT given after
relapse have suggested that good outcomes can 
be obtained using this approach. However there 
is a significant treatment-related mortality which 
is higher with unrelated donors than with sibling
donors, and there is also a significant long-term
morbidity specific to this age group.

There are several other issues to be considered.
Although a number of clinical factors can predict
high-risk disease, there are no reliable prognostic
indices. Thus, a major focus of research is the
identification of the one-third of cases that are

likely to relapse and are most likely to benefit 
from HDT/PCT as part of initial treatment. It 
is also thought that the timing of relapse may be 
a indicator of survival: relapse while on mainte-
nance therapy is thought to be associated with a
very poor outcome, and the further from treatment
that relapse occurs the better the outcome. This
may warrant the approach of HDT/PCT being
targeted at early recurrence.

Methods

The methods set out in chapter 2 were used. No
RCTs and two CCTs were identified. Incomplete
reporting of trials makes it difficult to categorise
studies and it is possible that the CCTs identified
were actually cohort studies. Data from other,
published, comparative studies were tabulated to
provide supplementary qualitative information.

Results

Reports of two CCTs comparing allogeneic trans-
plantation with CC were found. One CCT involved
patients in first remission (Table 2),14 and the other
involved patients in second remission (Table 3).15

No RCTs were identified. Data from other compar-
ative studies are presented in Tables 4–7 to provide
supplementary qualitative information.

First remission
CCT comparing HDT/allogeneic transplantation
with conventional therapy
The one CCT identified which compared HDT/
allogeneic transplantation with CC (Table 2) regis-
tered 111 patients and accrued patients between
1985 and 1990.14

Survival
The authors reported no evidence of a difference
in survival, although no data were presented to
support this statement.

PFS
A PFS curve is presented in the paper. The authors
quote an OR of 0.8 (95% CI 0.43–1.14), indicating

Chapter 4
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that there was no evidence of a difference between
the two treatments.

Second remission
CCT comparing HDT/allogeneic transplantation
with conventional therapy
The CCT identified included 45 patients accrued
between 1976 and 1980.15 From the information
reported in this paper it is unclear whether the
study was a CCT or a prospective cohort study. 
The data presented in Table 3 should therefore 
be interpreted with caution.

Survival
The authors presented the numbers of patients
alive at the time of analysis which favoured the
HDT/PCT arm. However neither summary
statistics nor a survival curve were presented and
therefore it was not possible to calculate an OR.

PFS
No PFS data were presented and although the
authors comment that HDT with allogeneic
transplantation offered the best chance of long-
term remission, no statistical data were quoted.

Discussion

The use of HDT with allogeneic transplantation 
has become, for many, the treatment of choice for
paediatric patients who relapse and have poor prog-
nostic features. However this treatment strategy is
based on the results of cohort studies and not on the
findings of more reliable RCTs or CCTs. Two CCTs
comparing HDT/allogeneic transplantation with 
CC were identified, one investigating its use in first
remission and one in second remission. The study
which involved patients in first remission found no
evidence of a statistically significant difference
between HDT/allogeneic transplantation and CC.
The paper on the trial involving patients in second

remission made no statistical comment on the
findings and was too poorly reported to allow 
any data synthesis. Both trials registered very few
patients, 111 and 45 respectively, and therefore 
only large differences in outcome could be reliably
detected. It is therefore not possible to comment
with any certainty on the true efficacy of HDT/
allogeneic transplantation compared with CC 
for the treatment of paediatric ALL.

The amount of pseudo-randomised evidence
comparing HDT/allogeneic transplantation with
CC for patients in second remission is somewhat
overwhelmed by the literature on the results of
potentially unreliable and possibly biased cohort
studies. It is important that at relapse patients are
entered into well-designed trials, as it is only by
adopting this approach that reliable evidence of
treatment efficacy and long-term side-effects will
become available. Such randomisation may be
difficult for clinicians who perceive a treatment
benefit for allogeneic transplantation. There is,
however, one currently on-going trial and partici-
pation in this trial should be supported (Table 8).

No randomised studies were identified which
compared HDT/autologous transplantation with
CC in either first or second remission, and there-
fore it is not possible to make any comment on the
efficacy of this treatment. There are three on-going
or as yet unreported trials and entry into the open
trials should be encouraged (Table 8).

The perception that HDT/allogeneic transplant-
ation is of benefit for paediatric patients with ALL
in second remission has led investigators to use
stem cells from MUDs for patients who do not have
a matched sibling donor. The morbidity associated
with MUD transplantation is greater than for sib-
ling allografts and whether it confers an advantage
over CC is presently being tested in a randomised
trial (Table 8).



Health Technology Assessment 1998; Vol. 2: No. 8

13TA
B

LE
 3

  C
CT

 c
om

pa
rin

g 
H

D
T/

al
lo

ge
ne

ic 
PC

T 
w

ith
 C

C 
in

 th
e 

co
ns

ol
id

at
io

n 
of

 s
ec

on
d 

an
d 

su
bs

eq
ue

nt
 r

em
iss

io
n 

in
 p

ae
di

at
ric

 A
LL

Tr
ea

tm
en

t r
eg

im
en

*
N

o.
of

 p
at

ie
nt

s
Su

rv
iv

al
PF

S

Tr
ia

l 
En

tr
y

H
D

T
C

C
To

ta
l

H
D

T
C

C
%

M
ed

ia
n 

St
at

ist
ic

s 
%

M
ed

ia
n 

St
at

ist
ic

s 
To

xi
c

C
om

m
en

ts
re

fe
re

nc
e

ye
ar

s
H

D
T:

C
C

(m
on

th
s)

in
 p

ap
er

H
D

T:
C

C
(m

on
th

s)
in

 p
ap

er
de

at
hs

 
H

D
T:

C
C

H
D

T:
C

C
H

D
T:

C
C

Jo
hn

so
n 

et 
al,

19
76

–8
0 

H
D

T 
+ 

Al
BM

T
M

45
24

21
46

:10
a

–
–

–
–

–
4:–

It 
is 

no
t c

lea
r i

f a
ll p

at
ien

ts 
we

re
 ti

ss
ue

 ty
pe

d 
or

 if
 al

l p
at

ien
ts 

19
81

15
[C

TX
,T

BI
]

wh
o 

ha
d 

an
 e

lig
ibl

e 
do

no
r w

er
e 

inc
lud

ed
 in

 th
e 

tr
an

sp
lan

t a
rm

.
(fu

ll p
ap

er
) 

a Th
es

e 
ar

e 
cr

ud
e,

no
t K

ap
lan

-M
eie

r,s
ur

viv
al 

va
lue

s f
or

 ti
m

e 
of

 an
aly

sis
;n

o 
ind

ica
tio

n 
of

 m
ed

ian
 su

rv
iva

l t
im

es
 w

as
 gi

ve
n.

Th
e 

CC
 gr

ou
p 

co
nt

ain
ed

 m
or

e 
pa

tie
nt

s w
ith

 a 
po

or
 p

ro
gn

os
is 

an
d 

th
e 

m
ed

ian
 d

ur
at

io
n 

of
 re

m
iss

io
n 

wa
s s

ho
rt

er
 th

an
 th

at
 

of
 th

e 
H

D
T 

gr
ou

p.

M
or

e 
ex

tr
am

ed
ull

ar
y r

ela
ps

es
 in

 th
e 

H
D

T 
gr

ou
p.

Au
th

or
s c

on
clu

de
 th

at
 al

lo
ge

ne
ic 

BM
T 

of
fer

s t
he

 b
es

t 
ch

an
ce

 o
f l

on
g-

te
rm

 re
m

iss
io

n.

*
Se

e l
ist

 o
f a

bb
re

via
tio

ns
 o

f d
ru

g n
am

es
 o

n 
pa

ge
 ii.

Su
pe

rsc
rip

t l
ett

er
s c

ro
ss-

re
fer

en
ce

 to
 co

m
m

en
ts 

co
lum

n.
Th

e s
tu

dy
 re

po
rte

d 
in 

th
is 

ta
ble

 is
 n

ot
 a

 ra
nd

om
ise

d 
tri

al,
an

d 
th

er
efo

re
 th

e r
es

ult
s s

ho
uld

 b
e v

iew
ed

 in
 th

e l
igh

t o
f t

he
 p

ro
ble

m
s a

nd
 b

ias
es

 a
sso

cia
ted

 w
ith

 n
on

-ra
nd

om
ise

d 
co

m
pa

ris
on

s.

TA
B

LE
 2

  C
CT

 c
om

pa
rin

g 
H

D
T/

al
lo

ge
ne

ic 
PC

T 
w

ith
 C

C 
in

 th
e 

co
ns

ol
id

at
io

n 
of

 fi
rs

t r
em

iss
io

n 
in

 p
ae

di
at

ric
 A

LL

Tr
ea

tm
en

t r
eg

im
en

*
N

o.
of

 p
at

ie
nt

s
Su

rv
iv

al
PF

S

Tr
ia

l 
En

tr
y

H
D

T
C

C
To

ta
l

H
D

T
C

C
%

M
ed

ia
n 

St
at

ist
ic

s 
C

al
cu

la
te

d
%

M
ed

ia
n 

St
at

ist
ic

s 
C

al
cu

la
te

d
To

xi
c

C
om

m
en

ts
re

fe
re

nc
e

ye
ar

s
H

D
T:

C
C

(m
on

th
s)

in
 p

ap
er

O
R

H
D

T:
C

C
(m

on
th

s)
in

 p
ap

er
O

R
de

at
hs

 
H

D
T:

C
C

(9
9%

 C
I)

H
D

T:
C

C
(9

9%
 C

I)
H

D
T:

C
C

Ch
es

se
lls

 et
 a

l,
19

85
–

EI
EI

 +
 cr

an
ial

 R
T

11
1

41
70

–
–

N
S

–
69

:69
N

YR
:N

YR
O

R 
= 

0.8
1.0

1
6:4

O
nly

 p
at

ien
ts 

tis
su

e 
ty

pe
d 

19
92

14
90

2 
ye

ar
s

(9
5%

 C
I 0

.43
–1

.14
)

(0
.34

–3
.00

)
we

re
 in

clu
de

d 
in 

th
e 

an
aly

sis
.

(fu
ll p

ap
er

)
H

D
T 

+ 
Al

BM
T

LI
p 

= 
0.8

2 
ye

ar
s

[C
TX

,T
BI

]
63

:54
0.6

9
Au

th
or

s m
en

tio
n 

th
at

 th
er

e 
is 

M
4 

ye
ar

s
(0

.25
–1

.92
)

no
 si

gn
ific

an
t s

ur
viv

al 
ad

va
nt

ag
e 

4 
ye

ar
s

to
 al

lo
ge

ne
ic 

BM
T.

*
Se

e l
ist

 o
f a

bb
re

via
tio

ns
 o

f d
ru

g n
am

es
 o

n 
pa

ge
 ii.

RT
 =

 ra
dio

th
er

ap
y;T

BI
 =

 to
ta

l b
od

y i
rra

dia
tio

n.
AlB

M
T 

= 
all

og
en

eic
 b

on
e m

ar
row

 tr
an

sp
lan

t;E
I =

 ea
rly

 in
ten

sif
ica

tio
n;

LI 
= 

lat
e i

nt
en

sif
ica

tio
n;

M
 =

 m
ain

ten
an

ce
;N

YR
 =

 n
ot

 ye
t r

ea
ch

ed
.

Th
e s

tu
dy

 re
po

rte
d 

in 
th

is 
ta

ble
 is

 n
ot

 a
 ra

nd
om

ise
d 

tri
al,

an
d 

th
er

efo
re

 th
e r

es
ult

s s
ho

uld
 b

e v
iew

ed
 in

 th
e l

igh
t o

f t
he

 p
ro

ble
m

s a
nd

 b
ias

es
 a

sso
cia

ted
 w

ith
 n

on
-ra

nd
om

ise
d 

co
m

pa
ris

on
s.



Review: paediatric acute lymphoblastic leukaemia

14 TA
B

LE
 5

  C
oh

or
t s

tu
di

es
 c

om
pa

rin
g 

H
D

T/
al

lo
ge

ne
ic 

PC
T 

w
ith

 C
C 

in
 th

e 
co

ns
ol

id
at

io
n 

of
 fi

rs
t r

em
iss

io
n 

in
 p

ae
di

at
ric

 A
LL

Tr
ea

tm
en

t r
eg

im
en

*
N

o.
of

 p
at

ie
nt

s
Su

rv
iv

al
PF

S

Tr
ia

l 
En

tr
y

St
ud

y
H

D
T

C
C

To
ta

l
H

D
T

C
C

%
M

ed
ia

n 
%

M
ed

ia
n 

To
xi

c
C

om
m

en
ts

re
fe

re
nc

e
ye

ar
s

ty
pe

H
D

T:
C

C
(m

on
th

s)
H

D
T:

C
C

(m
on

th
s)

de
at

hs
 

H
D

T:
C

C
H

D
T:

C
C

H
D

T:
C

C

Sc
ha

iso
n 

et 
al,

19
87

–9
1

PC
–

–
48

22
26

–
–

58
:28

–
1:1

Au
th

or
s c

om
m

en
t t

ha
t t

he
 b

es
t t

re
at

m
en

t i
s 

19
93

16
1.5

 ye
ar

s
all

og
en

eic
 B

M
T,

bu
t s

tre
ss

 th
e 

ne
ed

 fo
r 

(a
bs

tr
ac

t)
im

pr
ov

ed
 C

C
.

Sa
ar

ine
n 

et 
al,

19
81

–9
1

R
H

D
T 

+ 
Al

BM
T

CC
 o

n 
va

rio
us

 
66

22
44

–
–

87
:55

N
YR

:N
YR

3:4
 

M
at

ch
ed

 p
air

 co
m

pa
ris

on
.

19
96

17
[m

ajo
rit

y C
TX

 
tr

ial
 p

ro
to

co
ls

2 
ye

ar
s

(fu
ll p

ap
er

)
+ 

TB
I]

Au
th

or
s c

om
m

en
t t

ha
t B

M
T 

is 
ind

ica
te

d 
fo

r 
81

:50
pa

tie
nt

s w
ith

 p
oo

r p
ro

gn
os

is.
4 

ye
ar

s

*
Se

e l
ist

 o
f a

bb
re

via
tio

ns
 o

f d
ru

g n
am

es
 o

n 
pa

ge
 ii.

R 
= 

re
tro

sp
ec

tiv
e s

tu
dy

.
Th

e s
tu

die
s r

ep
or

ted
 in

 th
is 

ta
ble

 a
re

 n
ot

 ra
nd

om
ise

d 
tri

als
,a

nd
 th

er
efo

re
 th

e r
es

ult
s s

ho
uld

 b
e v

iew
ed

 in
 th

e l
igh

t o
f t

he
 p

ro
ble

m
s a

nd
 b

ias
es

 a
sso

cia
ted

 w
ith

 n
on

-ra
nd

om
ise

d 
co

m
pa

ris
on

s.

TA
B

LE
 4

  C
oh

or
t s

tu
dy

 c
om

pa
rin

g 
H

D
T/

au
to

lo
go

us
 P

CT
 w

ith
 C

C 
in

 th
e 

co
ns

ol
id

at
io

n 
of

 fi
rs

t r
em

iss
io

n 
in

 p
ae

di
at

ric
 A

LL

Tr
ea

tm
en

t r
eg

im
en

*
N

o.
of

 p
at

ie
nt

s
Su

rv
iv

al
PF

S

Tr
ia

l 
En

tr
y

St
ud

y
H

D
T

C
C

To
ta

l
H

D
T

C
C

%
M

ed
ia

n 
%

M
ed

ia
n 

To
xi

c
C

om
m

en
ts

re
fe

re
nc

e
ye

ar
s

ty
pe

H
D

T:
C

C
(m

on
th

s)
H

D
T:

C
C

(m
on

th
s)

de
at

hs
 

H
D

T:
C

C
H

D
T:

C
C

H
D

T:
C

C

Sc
ha

iso
n 

et
 a

l,
19

87
–9

1
PC

H
D

T 
+ 

AB
M

T
–

43
17

26
–

–
20

:2
8 

–
1:

1
M

ar
ro

w
 p

ur
ge

d 
in

 n
in

e 
pa

tie
nt

s.
19

93
16

[L
-P

AM
,T

BI
15

 y
ea

rs
(a

bs
tr

ac
t)

or C
YT

,L
-P

AM
,T

BI
]

*
Se

e 
lis

t o
f a

bb
re

via
tio

ns
 o

f d
ru

g 
na

m
es

 o
n 

pa
ge

 ii.
AB

M
T 

= 
au

to
log

ou
s b

on
e 

m
ar

ro
w 

tra
ns

pla
nt

;P
C 

= 
pr

os
pe

cti
ve

 co
ho

rt 
stu

dy
.

Th
e 

stu
dy

 re
po

rte
d 

in 
th

is 
ta

ble
 is

 n
ot

 a
 ra

nd
om

ise
d 

tri
al,

an
d 

th
er

ef
or

e 
th

e 
re

su
lts

 sh
ou

ld 
be

 vi
ew

ed
 in

 th
e 

lig
ht

 o
f t

he
 p

ro
ble

m
s a

nd
 b

ias
es

 a
ss

oc
iat

ed
 w

ith
 n

on
-ra

nd
om

ise
d 

co
m

pa
ris

on
s.



Health Technology Assessment 1998; Vol. 2: No. 8

15TA
B

LE
 6

  C
oh

or
t s

tu
di

es
 c

om
pa

rin
g 

H
D

T/
au

to
lo

go
us

 P
CT

 w
ith

 C
C 

in
 th

e 
co

ns
ol

id
at

io
n 

of
 s

ec
on

d 
re

m
iss

io
n 

in
 p

ae
di

at
ric

 A
LL

Tr
ea

tm
en

t r
eg

im
en

*
N

o.
of

 p
at

ie
nt

s
Su

rv
iv

al
PF

S

Tr
ia

l 
En

tr
y

St
ud

y
H

D
T

C
C

To
ta

l
H

D
T

C
C

%
M

ed
ia

n 
%

M
ed

ia
n 

To
xi

c
C

om
m

en
ts

re
fe

re
nc

e
ye

ar
s

ty
pe

(t
ot

al
 d

os
e,

H
D

T:
C

C
(m

on
th

s)
H

D
T:

C
C

(m
on

th
s)

de
at

hs
m

g/
m

2 )
H

D
T:

C
C

H
D

T:
C

C
H

D
T:

C
C

Ud
er

zo
 

19
80

–8
9

RC
o

H
D

T 
+ 

AB
M

T
M

ult
id

ru
g 

26
6

36
23

0
–

–
29

:38
17

:19
3:6

Re
vie

w 
of

 al
l p

at
ien

ts 
ac

hie
vin

g s
ec

on
d 

CR
 in

 
et 

al,
19

95
12

[C
TX

 (1
20

),
pr

ot
oc

ol
 

2 
ye

ar
s

pa
rt

ici
pa

tin
g c

en
tre

s.
(fu

ll p
ap

er
)

TB
I (

9.9
–1

2 
G

y)
(2

 ye
ar

s)
or

23
:23

Co
x 

m
od

el 
ap

pli
ed

 to
 th

e 
CC

 d
at

a i
n 

th
e 

CT
X,

BU
]

4 
ye

ar
s

PF
S 

cu
rv

e.

Au
th

or
s m

ak
e 

no
 co

m
m

en
t a

bo
ut

 th
e

AB
M

T 
vs

.C
C 

co
m

pa
ris

on
 b

ut
 re

po
rt

 th
at

 p
at

ien
ts 

wh
o 

we
re

 re
lap

se
d 

so
on

 af
te

r f
irs

t-l
ine

 
tre

at
m

en
t w

er
e 

les
s l

ike
ly 

to
 re

lap
se

 if
 th

ey
 

re
ce

ive
d 

a B
M

T.

Bo
rg

m
an

n 
et 

al,
19

83
–9

4
RC

o
H

D
T 

+ 
AB

M
T

C 
+ 

M
10

4
52

52
–

–
36

:47
14

.5:
19

.5
2:1

M
at

ch
ed

 p
air

 an
aly

sis
.

19
95

18
[M

ajo
rit

y T
BI

 +
 

2 
ye

ar
s

(fu
ll p

ap
er

)
ET

O
P 

±
CT

X]
Pa

tie
nt

s r
ec

eiv
ed

 u
nif

or
m

 ch
em

ot
he

ra
py

 as
 al

l 
26

:37
we

re
 tr

ea
te

d 
in 

m
ult

ice
nt

re
 tr

ial
s.

4 
ye

ar
s

Au
th

or
s c

on
clu

de
 th

er
e 

is 
no

 ad
va

nt
ag

e 
of

 
AB

M
T 

ov
er

 C
C

.

*
Se

e l
ist

 o
f a

bb
re

via
tio

ns
 o

f d
ru

g n
am

es
 o

n 
pa

ge
 ii;

to
ta

l d
os

e m
g/m

2
un

les
s o

th
er

wi
se

 st
at

ed
.

C 
= 

co
ns

oli
da

tio
n;

CR
 =

 co
m

ple
te 

re
m

iss
ion

;R
Co

 =
 re

tro
sp

ec
tiv

e s
tu

dy
 o

f B
M

T 
pa

tie
nt

s c
om

pa
re

d 
wi

th
 co

nc
ur

re
nt

 co
nt

ro
ls.

Th
e s

tu
die

s r
ep

or
ted

 in
 th

is 
ta

ble
 a

re
 n

ot
 ra

nd
om

ise
d 

tri
als

,a
nd

 th
er

efo
re

 th
e r

es
ult

s s
ho

uld
 b

e v
iew

ed
 in

 th
e l

igh
t o

f t
he

 p
ro

ble
m

s a
nd

 b
ias

es
 a

sso
cia

ted
 w

ith
 n

on
-ra

nd
om

ise
d 

co
m

pa
ris

on
s.



Review: paediatric acute lymphoblastic leukaemia

16 TA
B

LE
 7

  C
oh

or
t s

tu
di

es
 c

om
pa

rin
g 

H
D

T/
al

lo
ge

ne
ic 

PC
T 

w
ith

 C
C 

in
 th

e 
co

ns
ol

id
at

io
n 

of
 s

ec
on

d 
re

m
iss

io
n 

in
 p

ae
di

at
ric

 A
LL

Tr
ea

tm
en

t r
eg

im
en

*
N

o.
of

 p
at

ie
nt

s
Su

rv
iv

al
PF

S

Tr
ia

l 
En

tr
y

St
ud

y
H

D
T

C
C

To
ta

l
H

D
T

C
C

%
M

ed
ia

n 
%

M
ed

ia
n 

To
xi

c
C

om
m

en
ts

re
fe

re
nc

e
ye

ar
s

ty
pe

(t
ot

al
 d

os
e,

H
D

T:
C

C
(m

on
th

s)
H

D
T:

C
C

(m
on

th
s)

de
at

hs
m

g/
m

2 )
H

D
T:

C
C

H
D

T:
C

C
H

D
T:

C
C

Bo
ul

ad
 e

t a
l,

19
79

–9
1

RC
o

H
D

T 
+ 

Al
BM

T
–

88
39

49
–

–
61

:3
0

–
–

At
 ti

m
e 

of
 a

na
lys

is 
pa

tie
nt

s i
n 

th
e 

BM
T 

co
ho

rt
 h

ad
 

19
94

19
[T

BI
,C

TX
]

at
 ti

m
e 

of
 

lo
ng

er
 fo

llo
w

-u
p 

th
an

 th
os

e 
in

 th
e 

C
C

 c
oh

or
t.

(a
bs

tr
ac

t)
an

aly
sis

Au
th

or
s c

on
clu

de
 th

at
 d

ur
at

io
n 

of
 fi

rs
t r

el
ap

se
 h

ad
 n

o 
ef

fe
ct

 o
n 

th
e 

re
lat

ive
 e

ffe
ct

 o
f B

M
T 

co
m

pa
re

d 
w

ith
 C

C
.

C
he

ss
el

ls 
et

 a
l,

19
80

–8
4 

RC
o

C
C

53
13

40
–

–
35

:4
2

11
:3

3:
2

Pa
pe

r c
on

ta
in

s s
om

e 
co

m
pa

ra
tiv

e 
in

fo
rm

at
io

n 
on

 
19

86
20

2 
ye

ar
s

lo
ng

-te
rm

 to
xi

cit
y.

(fu
ll 

pa
pe

r)
H

D
T 

+ 
Al

BM
T

M
 ±

LI
[C

TX
 (1

20
),

Au
th

or
s s

ta
te

 th
at

 a
 h

igh
er

 n
um

be
r o

f p
at

ie
nt

s o
n 

C
C

 
TB

I (
9 

G
y)

]
ha

d 
re

lap
se

d 
w

hi
le

 st
ill 

on
 m

ain
te

na
nc

e 
th

er
ap

y,
an

d 
re

po
rt

 th
at

 th
e 

pa
tie

nt
s o

n 
C

C
 w

er
e 

yo
un

ge
r.

H
ar

ris
 e

t a
l,1

98
721

19
80

–8
6

C
om

pa
ris

on
 o

f t
w

o 
H

D
T 

re
gim

en
s v

s.
on

e 
(fu

ll 
pa

pe
r)

ch
em

ot
he

ra
py

 c
oh

or
t.

C
om

pa
ris

on
 1

H
D

T 
+ 

Al
BM

T
M

 (3
 y

ea
rs

)
77

25
52

46
:3

2
–

62
:3

6
–

–
Au

th
or

s c
om

m
en

t t
ha

t i
m

pr
ov

ed
 su

rv
iva

l i
s s

ee
n 

[C
TX

,T
BI

]
2 

ye
ar

s
2 

ye
ar

s
in

 th
e 

H
D

T 
gr

ou
p 

re
ce

ivi
ng

 C
YT

.

C
om

pa
ris

on
 2

H
D

T 
+ 

Al
BM

T
M

 (3
 y

ea
rs

)
67

17
52

62
:3

2
–

36
:1

9
–

–
[C

YT
,T

BI
]

2 
ye

ar
s

2 
ye

ar
s

To
rr

es
 e

t a
l,1

98
922

19
80

–8
8

RC
o?

H
D

T 
+ 

Al
BM

T
–

76
21

40
47

:2
2

18
:1

0.
5

59
:2

0
N

YR
:9

3:
0

Ex
clu

de
d 

15
 p

at
ie

nt
s w

ho
 re

lap
se

d 
w

ith
in

 3
 m

on
th

s o
f 

(fu
ll 

pa
pe

r)
[C

TX
 (1

20
),

2 
ye

ar
s

ac
hi

ev
in

g 
se

co
nd

 re
m

iss
io

n.
TB

I (
9 

G
y)

]
Au

th
or

s c
on

clu
de

 th
er

e 
ar

e 
lar

ge
 li

m
ita

tio
ns

 to
 A

lB
M

T 
– 

ne
w

 st
ra

te
gie

s m
us

t b
e 

in
ve

st
iga

te
d.

U
de

rz
o 

et
 a

l,
19

80
–8

9
RC

o
H

D
T 

+ 
Al

BM
T

M
ul

tid
ru

g 
28

7
57

23
0

–
–

43
:3

8
52

:1
9

11
:6

Au
th

or
s c

on
clu

de
 th

at
 A

lB
M

T 
re

du
ce

d 
th

e 
ris

k 
of

 
19

95
12

[m
ain

ly 
C

TX
 (1

20
),

pr
ot

oc
ol

 
2 

ye
ar

s
fu

rt
he

r r
el

ap
se

 b
ut

 h
ad

 n
o 

ef
fe

ct
 o

n 
su

rv
iva

l.
(fu

ll 
pa

pe
r)

TB
I (

10
–1

2 
G

y)
(2

 y
ea

rs
)

or
41

:2
3

C
TX

 +
 B

U
]

4 
ye

ar
s

*
Se

e 
lis

t o
f a

bb
re

via
tio

ns
 o

f d
ru

g 
na

m
es

 o
n 

pa
ge

 ii;
to

ta
l d

os
e m

g/m
2

un
les

s o
th

er
wi

se
 st

at
ed

.

Th
e 

stu
die

s r
ep

or
te

d 
in 

th
is 

ta
ble

 a
re

 n
ot

 ra
nd

om
ise

d 
tri

als
,a

nd
 th

er
ef

or
e 

th
e 

re
su

lts
 sh

ou
ld 

be
 vi

ew
ed

 in
 th

e 
lig

ht
 o

f t
he

 p
ro

ble
m

s a
nd

 b
ias

es
 a

ss
oc

iat
ed

 w
ith

 n
on

-ra
nd

om
ise

d 
co

m
pa

ris
on

s.

co
nt

inu
ed



Health Technology Assessment 1998; Vol. 2: No. 8

17TA
B

LE
 7

 c
on

td
  C

oh
or

t s
tu

di
es

 c
om

pa
rin

g 
H

D
T/

al
lo

ge
ne

ic 
PC

T 
w

ith
 C

C 
in

 th
e 

co
ns

ol
id

at
io

n 
of

 s
ec

on
d 

re
m

iss
io

n 
in

 p
ae

di
at

ric
 A

LL

Tr
ea

tm
en

t r
eg

im
en

*
N

o.
of

 p
at

ie
nt

s
Su

rv
iv

al
PF

S

Tr
ia

l 
En

tr
y

St
ud

y
H

D
T

C
C

To
ta

l
H

D
T

C
C

%
M

ed
ia

n 
%

M
ed

ia
n 

To
xi

c
C

om
m

en
ts

re
fe

re
nc

e
ye

ar
s

ty
pe

(t
ot

al
 d

os
e,

H
D

T:
C

C
(m

on
th

s)
H

D
T:

C
C

(m
on

th
s)

de
at

hs
m

g/
m

2 )
H

D
T:

C
C

H
D

T:
C

C
H

D
T:

C
C

Ri
ng

de
n 

et
 a

l,
19

81
–8

4
RC

o
H

D
T 

+ 
Al

BM
T

–
90

22
68

41
:2

5
–

–
–

–
C

C
 p

at
ie

nt
s m

us
t h

av
e 

su
rv

ive
d 

at
 le

as
t 3

 m
on

th
s.

19
89

23
[C

TX
 (1

20
),

5 
ye

ar
s

(fu
ll 

pa
pe

r)
TB

I (
10

 G
y)

]
H

D
T 

aft
er

 th
e 

se
co

nd
,t

hi
rd

 o
r f

ou
rt

h 
re

lap
se

.

Fo
r p

at
ie

nt
s w

ho
 re

lap
se

d 
du

rin
g 

in
iti

al 
tr

ea
tm

en
t,

H
D

T 
is 

su
pe

rio
r;

fo
r l

at
e 

re
lap

se
rs

,H
D

T 
is 

in
fe

rio
r.

H
oo

ge
rb

ur
gg

e 
19

82
–9

1
RC

o
H

D
T 

+ 
Al

BM
T

M
12

2
25

97
–

–
56

:3
9

26
:1

4
4:

0
M

at
ch

ed
 c

on
tr

ol
s.

et
 a

l,1
99

524
[v

ar
io

us
 +

 T
BI

]
2 

ye
ar

s
(fu

ll 
pa

pe
r)

Au
th

or
s c

om
m

en
t t

ha
t t

he
re

 w
er

e 
fe

w
er

 re
lap

se
s 

44
:2

4
in

 th
e 

H
D

T 
ar

m
,b

ut
 th

is 
is 

ba
lan

ce
d 

by
 h

igh
 tr

ea
tm

en
t-

4 
ye

ar
s

re
lat

ed
 m

or
ta

lit
y.

Ba
rr

et
t e

t a
l,

19
83

–9
1

RC
o

H
D

T 
+ 

Al
BM

T
–

Pa
pe

r r
ep

or
ts

 o
n 

tw
o 

co
m

pa
ris

on
s,

on
e 

a 
m

at
ch

ed
 p

air
 

19
94

25
an

aly
sis

,t
he

 o
th

er
 a

 c
oh

or
t s

tu
dy

.
(fu

ll 
pa

pe
r)

M
at

ch
ed

 p
air

 
51

0
25

5
25

5
–

–
44

:2
3

16
.5

:1
2

–
Pa

tie
nt

s i
n 

th
e 

m
at

ch
ed

 c
oh

or
t w

er
e 

se
le

ct
ed

 fr
om

 
co

m
pa

ris
on

2 
ye

ar
s

th
e 

un
m

at
ch

ed
 c

oh
or

ts
 b

el
ow

.

40
:1

9
H

D
T 

co
ho

rt
 ta

ke
n 

fro
m

 a
 re

gis
tr

y.
4 

ye
ar

s

U
nm

at
ch

ed
 c

oh
or

t 
91

6
37

6
54

0
–

–
42

:1
6

17
:1

0
–

co
m

pa
ris

on
2 

ye
ar

s

37
:1

6
4 

ye
ar

s

Fr
as

so
ni

 e
t a

l,
–

RC
o

H
D

T 
+ 

Al
BM

T
C

 +
 M

31
14

17
47

:0
–

50
:1

4
–

–
Th

is 
re

po
rt

 is
 fr

om
 th

e 
sa

m
e 

in
st

itu
tio

n 
as

 re
fe

re
nc

e 
27

.
19

85
26

[C
TX

 (1
20

),
2.

5 
ye

ar
s

2 
ye

ar
s

It 
is 

po
ss

ib
le

 th
at

 th
es

e 
pa

tie
nt

s a
re

 in
clu

de
d 

in
 th

at
 

(a
bs

tr
ac

t)
TB

I (
9.

9–
12

 G
y)

]
pa

pe
r.

Ba
cig

alu
po

 e
t a

l,
–

RC
o

H
D

T 
+ 

Al
BM

T
M

36
17

19
62

:3
5

–
58

:1
8

–
2:

0
Au

th
or

s s
ta

te
 th

at
 th

e 
re

lat
ive

 e
ffe

ct
ive

ne
ss

 o
f a

llo
ge

ne
ic 

19
86

27
[C

TX
 (1

20
),

2 
ye

ar
s

BM
T 

co
m

pa
re

d 
w

ith
 C

C
 is

 n
ot

 a
ffe

ct
ed

 b
y 

du
ra

tio
n 

(fu
ll 

pa
pe

r)
TB

I (
9.

9–
12

 G
y)

]
of

 fi
rs

t r
em

iss
io

n.

It 
is 

po
ss

ib
le

 th
at

 th
e 

pa
tie

nt
s i

n 
re

fe
re

nc
e 

26
 a

re
 

in
clu

de
d 

in
 th

is 
pa

pe
r.

*
Se

e 
lis

t o
f a

bb
re

via
tio

ns
 o

f d
ru

g 
na

m
es

 o
n 

pa
ge

 ii;
to

ta
l d

os
e m

g/m
2

un
les

s o
th

er
wi

se
 st

at
ed

.

Th
e 

stu
die

s r
ep

or
te

d 
in 

th
is 

ta
ble

 a
re

 n
ot

 ra
nd

om
ise

d 
tri

als
,a

nd
 th

er
ef

or
e 

th
e 

re
su

lts
 sh

ou
ld 

be
 vi

ew
ed

 in
 th

e 
lig

ht
 o

f t
he

 p
ro

ble
m

s a
nd

 b
ias

es
 a

ss
oc

iat
ed

 w
ith

 n
on

-ra
nd

om
ise

d 
co

m
pa

ris
on

s.

co
nt

inu
ed



Review: paediatric acute lymphoblastic leukaemia

18 TA
B

LE
 7

 c
on

td
  C

oh
or

t s
tu

di
es

 c
om

pa
rin

g 
H

D
T/

al
lo

ge
ne

ic 
PC

T 
w

ith
 C

C 
in

 th
e 

co
ns

ol
id

at
io

n 
of

 s
ec

on
d 

re
m

iss
io

n 
in

 p
ae

di
at

ric
 A

LL

Tr
ea

tm
en

t r
eg

im
en

*
N

o.
of

 p
at

ie
nt

s
Su

rv
iv

al
PF

S

Tr
ia

l 
En

tr
y

St
ud

y
H

D
T

C
C

To
ta

l
H

D
T

C
C

%
M

ed
ia

n 
%

M
ed

ia
n 

To
xi

c
C

om
m

en
ts

re
fe

re
nc

e
ye

ar
s

ty
pe

(t
ot

al
 d

os
e,

H
D

T:
C

C
(m

on
th

s)
H

D
T:

C
C

(m
on

th
s)

de
at

hs
m

g/
m

2 )
H

D
T:

C
C

H
D

T:
C

C
H

D
T:

C
C

D
op

fe
r e

t a
l,

–
PC

H
D

T 
+ 

Al
BM

T
–

33
1

51
28

0
Pa

tie
nt

s r
ec

ei
ve

d 
tr

an
sp

lan
ts

 a
t t

he
 d

isc
re

tio
n 

of
 th

e 
19

91
13

[m
ain

ly 
ET

O
P/

 
cli

ni
cia

n 
an

d 
th

e 
pa

re
nt

s.
(fu

ll 
pa

pe
r)

C
TX

,T
BI

]
Re

su
lts

 a
re

 g
ive

n 
fo

r a
ll 

BM
T 

gr
ou

p 
vs

.t
w

o 
C

C
 c

oh
or

ts
 

(e
ar

ly 
an

d 
lat

e 
re

lap
se

rs
).

C
om

pa
ris

on
 1

:
–

–
51

16
5

–
–

65
:3

2
N

YR
:1

1
–

Ea
rly

 re
lap

se
 =

 p
at

ie
nt

s t
ha

t r
el

ap
se

 o
n 

or
 w

ith
in

 
ea

rly
 re

lap
se

rs
2 

ye
ar

s
6 

m
on

th
s o

f c
om

pl
et

in
g 

in
iti

al 
m

ain
te

na
nc

e 
ch

em
ot

he
ra

py
.

52
:2

2
4 

ye
ar

s

C
om

pa
ris

on
 2

:
–

–
51

11
5

–
–

65
:7

5
N

YR
:5

6.
5

–
La

te
 re

lap
se

 =
 p

at
ie

nt
s w

ho
 re

lap
se

 >
 6

 m
on

th
s a

fte
r 

lat
e 

re
lap

se
rs

2 
ye

ar
s

co
m

pl
et

io
n 

of
 m

ain
te

na
nc

e 
ch

em
ot

he
ra

py
.

52
:5

1
4 

ye
ar

s

W
he

el
er

 e
t a

l,
–1

99
3

PC
H

D
T 

+ 
Al

BM
T

C
C

17
0

–
–

11
% 

re
du

ct
io

n 
–

–
–

–
Ve

ry
 li

ttl
e 

de
ta

il 
giv

en
.

19
96

28
in

 th
e 

(a
bs

tr
ac

t)
pr

op
or

tio
n 

Pa
tie

nt
s e

le
ct

ive
ly 

re
ce

ive
d 

an
 a

llo
ge

ne
ic 

tr
an

sp
lan

t.
dy

in
g

An
aly

sis
 w

as
 d

on
e 

on
 th

e 
ba

sis
 o

f h
av

in
g 

th
e 

re
su

lts
 o

f t
iss

ue
 ty

pi
ng

 av
ail

ab
le

 (i
.e

.d
on

or
 v

s.
no

 d
on

or
).

So
m

e 
pa

tie
nt

s w
ith

ou
t a

 d
on

or
 re

ce
ive

d 
au

to
lo

go
us

 
BM

T;
th

er
e 

is 
no

 in
di

ca
tio

n 
of

 h
ow

 m
an

y 
w

er
e 

in
clu

de
d 

in
 th

is 
an

aly
sis

.

*
Se

e 
lis

t o
f a

bb
re

via
tio

ns
 o

f d
ru

g 
na

m
es

 o
n 

pa
ge

 ii;
to

ta
l d

os
e m

g/m
2

un
les

s o
th

er
wi

se
 st

at
ed

.

Th
e 

stu
die

s r
ep

or
te

d 
in 

th
is 

ta
ble

 a
re

 n
ot

 ra
nd

om
ise

d 
tri

als
,a

nd
 th

er
ef

or
e 

th
e 

re
su

lts
 sh

ou
ld 

be
 vi

ew
ed

 in
 th

e 
lig

ht
 o

f t
he

 p
ro

ble
m

s a
nd

 b
ias

es
 a

ss
oc

iat
ed

 w
ith

 n
on

-ra
nd

om
ise

d 
co

m
pa

ris
on

s.



Health Technology Assessment 1998; Vol. 2: No. 8

19TA
B

LE
 8

  O
n-

go
in

g 
RC

Ts
 a

nd
 R

CT
s 

no
t y

et
 r

ep
or

te
d 

in
 p

ae
di

at
ric

 A
LL

T
ri

al
 c

o
de

S
ta

tu
s

D
is

ea
se

 e
lig

ib
ili

ty
T

re
at

m
en

t 
re

gi
m

en
*

P
la

nn
ed

 a
cc

ru
al

H
D

T
C

C

C
C

G
-1

94
1†

O
pe

n
C

hi
ld

ho
od

 A
LL

In
du

ct
io

n
In

du
ct

io
n

29
6

Ea
rl

y 
fir

st
 r

el
ap

se
[E

TO
P,

IF
O

S/
D

M
S,

V
C

R
,

[E
TO

P,
IF

O
S/

D
M

S,
V

C
R

,A
SP

,
A

SP
,M

T
X

/C
F,

M
T

X
,C

Y
T

]
M

T
X

/C
F,

M
T

X
,C

Y
T

]

H
D

T
 +

 A
BM

T
/P

BP
C

T
/A

lB
M

T
 

In
te

ns
ifi

ca
tio

n
(r

el
at

ed
 o

r 
un

re
la

te
d)

 
[D

M
S,

V
C

R
,M

T
X

/C
F,

T
G

,C
Y

T,
[E

TO
P,

T
BI

]
ET

O
P,

A
SP

,I
FO

S/
ID

A
,M

T
X

,C
Y

T
]

M
ai

nt
en

an
ce

[V
C

R
,M

T
X

,T
G

,C
Y

T
]

M
R

C
-L

EU
K

-U
K

A
LL

-R
2

O
pe

n
C

hi
ld

ho
od

 A
LL

In
du

ct
io

n
In

du
ct

io
n

20
0

EU
-9

50
39

†
Fi

rs
t 

re
la

ps
e

[D
M

S,
V

C
R

,E
PI

,A
SP

,M
T

X
]

[D
M

S,
V

C
R

,E
PI

,A
SP

,M
T

X
]

C
on

so
lid

at
io

n
C

on
so

lid
at

io
n

[3
 c

yc
le

s 
in

cl
ud

in
g V

C
R

,E
TO

P,
[3

 c
yc

le
s 

in
cl

ud
in

g V
C

R
,E

TO
P,

C
Y

T,
C

Y
T,

D
M

S,
EP

I,
A

SP
,T

G
,C

Y
T

]
D

M
S,

EP
I,

A
SP

,T
G

,C
Y

T
]

H
D

T
 +

 A
lB

M
T

 
In

te
ns

ifi
ca

tio
n

(m
at

ch
ed

/u
nm

at
ch

ed
)

[M
T

X
,M

P,
C

F]

[C
T

X
,T

BI
]

M
ai

nt
en

an
ce

[M
T

X
,V

C
R

,P
R

ED
,M

P 
al

te
rn

at
in

g 
w

ith
 T

G
,E

TO
P,

C
Y

T,
C

T
X

,M
T

X
]

M
R

C
-L

EU
K

-U
K

A
LL

-R
1-

C
H

C
lo

se
d 

01
/0

4/
95

C
hi

ld
ho

od
 A

LL
In

du
ct

io
n

In
du

ct
io

n
25

5
EU

-9
20

23
†

(c
lo

se
d 

pr
em

at
ur

el
y 

Fi
rs

t 
re

la
ps

e
[D

M
S,

V
C

R
,A

SP
,E

PI
,C

Y
T,

M
T

X
]

[D
M

S,
V

C
R

,A
SP

,E
PI

,C
Y

T,
M

T
X

]
du

e 
to

 p
oo

r 
H

D
T

 +
 A

BM
T

/A
lM

BT
In

te
ns

ifi
ca

tio
n

re
cr

ui
tm

en
t)

[C
T

X
,T

BI
]

[3
 c

yc
le

s 
in

cl
ud

in
g 

ET
O

P,
C

Y
T,

M
T

X
,

D
M

S,
A

SP
,E

PI
,V

C
R

,T
G

,C
T

X
]

C
on

so
lid

at
io

n
[M

T
X

,C
F,

M
P,

C
Y

T
]

C
on

tin
ua

tio
n

[P
R

ED
,V

C
R

,M
T

X
,M

P 
al

te
rn

at
in

g 
w

ith
 T

G
,E

TO
P,

C
Y

T,
C

T
X

,M
T

X
]

M
ax

im
um

 p
la

nn
ed

 a
cc

ru
al

 ..
.

75
1

*
Se

e 
lis

t o
f a

bb
re

via
tio

ns
 o

f d
ru

g 
na

m
es

 o
n 

pa
ge

 ii
.

†
PD

Q
 tr

ia
l r

ef
er

en
ce

 c
od

e.
Sh

ad
ed

 b
ox

es
 in

di
ca

te
 o

pe
n 

U
K-

ba
se

d 
an

d 
Eu

ro
pe

an
 O

rg
an

iz
at

io
n 

fo
r 

Re
se

ar
ch

 a
nd

 Tr
ea

tm
en

t o
f C

an
ce

r 
(E

O
RT

C)
 tr

ia
ls.





Health Technology Assessment 1998; Vol. 2: No. 8

21

Introduction

The relative incidence of adult ALL – about
15–20% of acute adult leukaemias – is lower than
that of paediatric ALL and its prognosis much
worse. At presentation around 80–85% of patients
achieve complete responses,29 but long-term
survival is only in the order of 20–30%.30 This is,
however, thought to be a reflection of the biology
of the two diseases rather than of the treatment
strategy used, because conventional therapy for
adult ALL has been influenced by the success 
of the approach in treating children.

As with paediatric ALL, CC consists of intensive
induction and consolidation phases, which are deliv-
ered in hospital and are often associated with a high
morbidity and mortality, followed by maintenance
therapy which is given on an outpatient basis over a
2-year period. Because of the relatively poor success
of this conventional therapy and the length of the
treatment, HDT with either allogeneic or autologous
transplantation has been tested as an alternative in
the consolidation of first remission, with the aim 
of increasing survival rates and decreasing 
treatment time.

At relapse, conventional treatment is intensive, 
not particularly effective and associated with
considerable morbidity, mortality and expense.
Therefore, there is a possibility that HDT with
allogeneic support may also have a role in
improving survival in second or third complete
response, although the number of patients that
attain such responses is very low.

Methods

The methods set out in chapter 2 were used. Three
RCTs and six CCTs were identified. Data from other
comparative studies were tabulated to provide
supplementary qualitative information.

Results

Three RCTs and six CCTs were identified, all of
which investigated the use of HDT/PCT in the
consolidation of first remission (Tables 9 and 10).

One CCT compared the outcome for patients who
had a donor with that for patients without a donor
who were then randomised to either autologous
transplantation or CC (results of this randomised
portion of the trial are in Table 9).

RCTs comparing HDT/autologous
transplantation with conventional
therapy
Three RCTs30–32 which randomised 213 patients to
autologous BMT or CC were identified (Table 9).
Each randomised adult patients in complete
remission following induction therapy. Two
trials30,31 were conducted by the same group with
the earlier trial31 reported as the feasibility study 
for the second.30 All trials were reported as full
papers, although for one trial30 some information
was taken from a meeting abstract.33 Patients were
randomised between 1985 and 1991. No paper
presented a survival curve, and only one32

presented a PFS curve. 

Survival
Neither of the papers30,31 that provided information
on survival found evidence of a difference between
treatments. Because of the information available it
was only possible to calculate an OR for one trial30

at 5 years and therefore no summation of data
could be performed.

PFS
No evidence of a difference in PFS between treat-
ments was reported for any of the trials. A 2-year OR
could be calculated for only one trial32 and therefore
no summation of data could be performed.

CCTs comparing HDT/allogeneic
transplantation with conventional
therapy
Six CCTs were identified which compared
HDT/allogeneic BMT with conventional therapy 
in patients achieving a complete remission follow-
ing induction therapy (Table 10). Five34–38 compared
HDT/allogeneic BMT with CC, and the sixth30

compared HDT/allogeneic BMT with HDT/
autologous BMT or CC. In total, 719 adult patients
were entered into these trials from 1982 to 1991. 
It is believed that two publications37,38 reported 
on the same trial despite discrepancies between 
the publications. The earlier abstract reported 
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on more patients, but the full paper37 presented 
more complete information and has therefore
been commented on and used in the combined
analysis in this review.

The reporting of results was generally poor. Only
two30,34 out of five papers reported on survival. 
Both presented survival curves. All but one34 of the
reports presented some information on PFS and
three35–37 presented a PFS curve.

Survival
Of the two papers that reported survival, one30

reported no evidence of a difference between
HDT/allogeneic transplantation and CC. No
statistical comment was made on the results of 
the second, small CCT.34 However, the calculated
OR at 2 years of 0.81 (99% CI 0.50–1.30) suggests
no evidence of a difference between the two
treatments modalities. No summation of data 
was performed owing to the differing control 
arms in these trials.

PFS
Two30,35 publications reported no evidence of a
difference between the two treatment arms. In a
third trial,36 HDT/PCT was compared with three
chemotherapy regimens, two containing both
consolidation and maintenance, and the third
maintenance alone. The authors stated that there
was no significant difference between HDT/PCT
and the two CC regimens containing consolidation
chemotherapy, but make no comment on the arm
containing maintenance therapy alone. Using the 
total number of patients and events in all of the
chemotherapy arms, the calculated 2-year OR of
0.39 (99% CI 0.15–1.04) favours HDT/PCT.

Mrsic and colleagues37 reported a highly 
significant result in favour of HDT/PCT, but it 
is unclear with which chemotherapy regimen the
HDT/PCT was compared; calculated ORs using 
the results of both control arms at 2 and 3 years 
are 0.39 (99% CI 0.12–1.24) and 0.26 (99% CI 
0.08–0.87), respectively.

The combined 2-year OR of 0.38 (95% CI 0.22–
0.65; Table 11) for trials comparing allogeneic trans-
plantation with CC indicates an absolute survival
benefit of approximately 23% (95% CI 11–35%) 
in favour of HDT/PCT (Table 11). As stated above,
one paper36 reported data on three chemotherapy
regimens compared with a common HDT/PCT
arm. The authors conclude that the maintenance-
only arm performed significantly worse than both
arms which contained consolidation and mainte-
nance therapy. Performing a sensitivity analysis on

the pooled 2-year OR, but including only the data
from the two maintenance and consolidation arms
of this trial, gives a combined OR for all trials of
0.45 (95% CI 0.26–0.79) which suggests an absolute
survival advantage of 20% (95% CI 7–31%) also in
favour of HDT/PCT.

Combining the calculated 3- and 4-year ORs 
(Table 12) from two trials35,37 gave an overall OR of
0.23 (95% CI 0.10–0.51) which suggests an absolute
survival benefit of approximately 35% (95% CI
15–51%) in favour of HDT/PCT.

Cohort studies comparing HDT/
allogeneic transplantation with
conventional therapy
Cohort studies comparing HDT/allogeneic
transplantation with conventional therapy are pre-
sented in Tables 13 and 14. As previously discussed
(chapter 3), it is usual for trials which randomised
between autologous BMT and CC also to compare
allogeneic transplantation with CC. This latter
comparison does not constitute a true CCT and 
any such published results are tabulated in the
cohort studies (Table 14).

Discussion

The RCTs and CCTs identified were generally
relatively small and inconsistently reported. Many
trials only reported on PFS.

HDT with autologous transplantation
Three RCTs have compared the use of HDT/
autologous transplantation with CC in the
consolidation of first remission in adult ALL; no
evidence of a benefit for HDT/PCT was reported
for any of these studies. Each of these trials was
small and able to detect reliably only large
differences in efficacy.

HDT with allogeneic transplantation
HDT with allogeneic transplantation, for consoli-
dation of first remission, has been compared with
conventional therapy in a number of controlled,
but non-randomised, comparisons. Results for
survival were reported for only two trials and in
neither study was there any evidence of a difference
between the treatments. Both trials were relatively
small and therefore only large differences in treat-
ment effect could have been detected. In addition,
the protocol for one trial34 was altered part way
through so that patients without a suitable donor,
deemed to be at high risk, were offered autologous
transplantation. This change in protocol may have
biased the results. The combined results suggest
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that there may be some improvement in PFS, but
this calculation does not include information from
all trials and therefore is not a reliable summary 
of all trial data.

At present it is not possible to determine whether
HDT with autologous or allogeneic transplantation
offers any benefit over CC in the consolidation of

first remission in adult ALL. Given the poor
prognosis of adult ALL, the completion of more
prospective trials is necessary to determine whether
the benefits suggested by retrospective cohort
studies are substantiated by the results of more
reliable RCTs or CCTs. Participation in the on-
going trials for both allogeneic and autologous
transplantation (Table 15) should be encouraged.
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Introduction

AML occurs less frequently in children than in
adults and accounts for about 15–20% of the child-
hood leukaemias.49 Unlike ALL, paediatric AML
treated with CC carries a poor prognosis. Around
75–85% of children achieve a complete remission
following initial chemotherapy50 and the long-term
survival is approximately 30–40%.49 Outcome for
those patients who relapse is much poorer with
long-term survival about 5%.51 Although similar 
in many respects to adult AML, there are genetic
differences between these entities which suggest 
a reason for the poorer outcome in adult cases. 
For this reason adult and paediatric cases have 
not been analysed together.

Conventional treatment involves intensive
chemotherapy, given as an in-patient, which is asso-
ciated with significant mortality and morbidity. The
long-term side-effects of treatment are likely to be
particularly problematic in paediatric cases because
of the effect on the developing child. However,
children do appear to tolerate chemotherapy better
than adults. Standard chemotherapy generally
continues for 4–6 months, but unlike in ALL
maintenance therapy is not used.

The efficacy of the HDT/PCT approach in 
the consolidation of first remission, particularly 
with autologous support, has been suggested 
in a number of cohort studies which has led to a
number of RCTs being conducted. The activity of
HDT with allogeneic support has also been demon-
strated for the consolidation of first remission, but
conducting properly randomised comparisons has
proved difficult and trials have used quasi-random
methods of allocating treatment according to
donor availability as discussed in chapter 3.

Shortly after we undertook our systematic review 
we became aware that a more reliable meta-analysis
based on individual patient data to investigate the
role of HDT/autologous BMT as consolidation of
first remission had been completed by the AML
Collaborative Group (Clarke M, Clinical Trials
Services Unit, Oxford: personal communication,
1997). However the results of the AML Collabora-
tive Group project have not yet been published and
it was decided to include the current results in 

our report as an interim measure. The results
presented here are undoubtedly less reliable 
than those of the AML Collaborative Group (see
appendix 6) and should therefore be replaced 
by the Collaborative Group’s results when they
become publicly available.

Methods

The methods set out in chapter 2 were used. Four
RCTs and five CCTs were identified. Because of the
amount of data available from RCTs and CCTs it
was decided not to search for the results of 
cohort studies.

Results

Four RCTs were identified (Table 16) which
randomised 712 children to autologous BMT or
conventional therapy for the consolidation of first
remission. Five CCTs (Table 17) were found which
included more than 1000 patients receiving either
an allogeneic transplantation or conventional
therapy in the consolidation of first remission.

RCTs comparing HDT/autologous
transplantation with conventional
therapy
Four RCTs were identified which compared
HDT/autologous transplantation with conven-
tional therapy (Table 16). Three of the studies52–54

compared HDT/PCT with CC, and the fourth55

compared HDT/PCT with ‘no further therapy’. 
A total of 712 patients were randomised across 
all trials between 1987 and 1995.

Of the reports on RCTs that were identified, 
two52,53 were full papers, and two54,55 were abstracts.
Three publications53–55 report survival data and
one53 presented a survival curve. All reports give
PFS data, with PFS curves appearing in both 
full papers.52,53

Survival
Two publications53,55 found no evidence of 
a difference between the two treatments for 
survival, whereas the Children’s Cancer Group
trial54 reported preliminary results that were
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significantly better in the CC arm. Combining the
calculated 3- and 4-year ORs for 2 trials53,54 gave an
overall OR of 1.43 (95% CI 1.02–2.01; Table 18)
suggesting an absolute survival benefit of approxi-
mately 8% (95% CI 0–16%) in favour of CC.

PFS
Three publications53–55 reported no evidence of 
a difference between HDT/PCT and CC for PFS
and although no statistical comment is made on
the results of the fourth trial,52 the calculated ORs
at 2 and 4 years also gave no evidence of a differ-
ence between the two treatments. The pooled ORs
were 1.14 (95% CI 0.72–1.81) at 2 years and 1.22
(95% CI 0.88–1.69) at 3 and 4 years (Tables 19 and
20) – at both time-points in favour of CC.

CCTs comparing HDT/allogeneic
transplantation with conventional
therapy
Five publications that reported the results of 
CCTs which compared HDT/allogeneic transplant-
ation with conventional therapy were identified
(Table 17). Four compared HDT/allogeneic
transplantation with CC, and the fifth compared
patients undergoing HDT/allogeneic transplant-
ation with patients receiving HDT/autologous
transplantation or ‘no further therapy’. Patients
were registered between 1979 and 1994.

Of the trials identified, four56–59 were published 
as full papers, and one55 was an abstract. Three
publications55,56,58 reported survival data, but only
one paper56 presented a survival curve. All papers
reported PFS data, and all full papers presented
PFS curves.

Survival
None of the publications55,56,58 that reported
survival data found any evidence of a difference
between the two treatment modalities. The
combined OR at 4 and 5 years is 0.69 (95% CI
0.50–0.96) suggesting an absolute survival differ-
ence of approximately 9% (95% CI 1–17%) in
favour of HDT/PCT (Table 21).

PFS
Four publications55–58 reported no significant
difference between HDT/PCT and CC, whereas 
the fifth59 found a conventionally significant benefit
for HDT/PCT. The combined ORs are 0.63 (95%
CI 0.48–0.84) at 2 years (Table 22) and 0.54 (95%
CI 0.42–0.75) at 4 years (Table 23). This suggests 
an absolute survival benefit of approximately 
11% (95% CI 4–17%) at 2 years and 15% (95% 
CI 8–21%) at 4 years, both in favour of HDT 
with allogeneic transplantation.

Cohort studies comparing
HDT/allogeneic transplantation 
with conventional therapy
As previously discussed (chapter 3) it is usual for
trials which randomised between autologous BMT
and CC also to compare allogeneic transplantation
and CC. This latter comparison is essentially a
cohort study and although no literature search 
was carried out to identify other cohort studies, 
the results of these comparisons are tabulated 
for completeness (Table 24).

Discussion

HDT with autologous transplantation
Although HDT including autologous support has
been compared with conventional therapy in a
number of RCTs, the results of these trials are
currently immature and should be interpreted
cautiously. The results of four trials including a
total of 712 children have been published: three
compared HDT/autologous transplantation with
CC and the fourth compared HDT/autologous
transplantation with ‘no further therapy’. None 
of these studies offers convincing evidence of the
superiority of one approach over the other, and
those trials which compared HDT/PCT with CC 
all tend to favour conventional therapy. Conse-
quently, at present, it is not possible to draw firm
conclusions or recommend one treatment
approach over the other.

HDT with allogeneic transplantation
HDT with allogeneic transplantation has been
compared with conventional therapy in a number
of controlled but non-randomised comparisons.
The results from the four trials which compared
HDT/allogeneic transplantation with CC only,56–59

which included a total of 1021 children, suggest 
a benefit in favour of HDT/PCT. However, the
reporting of these trials was poor, particularly 
with respect to survival. Only two of these publi-
cations56,58 presented survival data which when
combined gave a conventionally significant benefit
in favour of HDT with allogeneic transplantation 
at 4 years. Similarly, the combined results, from
four trials,56–59 for PFS at both 2 and 4 years suggest
conventionally significant benefits for HDT with
allogeneic transplantation. The results of the MRC
trial55 comparing HDT/allogeneic transplantation
with HDT/autologous transplantation or ‘no
further therapy’ are preliminary and at present
there is no evidence of a difference between the
two treatments. Although the results of the identi-
fied CCTs suggest some benefit for allogeneic
transplantation, these results must be interpreted
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with caution in view of the potential bias associated
with non-randomised studies.

Further research is undoubtedly required to deter-
mine whether or not HDT with either autologous
or allogeneic support is more effective than con-
ventional treatment of first remission paediatric
AML. Recruitment into currently on-going studies 

(Table 25) and the establishment of further pro-
spective trials should be encouraged. It must also
be noted that although treatment-related mortality
is lower among children than in adults, the inten-
sive treatments used may be associated with more
long-term side-effects such as growth retardation
and secondary malignancies; such trials must
therefore ensure adequate long-term follow-up.
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Introduction

In adults, AML accounts for 80–85% of acute
leukaemia cases.49 Incidence increases with age and
treatment results appear worse in older age groups
both because of the difficulty in delivering treat-
ment and the perceived biological differences in
the disease process. Using conventional treatment
about 70–80% of patients younger than 65 years
enter first remission;60 however, this is associated
with a long-term survival rate of only approximately
15–25%.49 Investigators have therefore evaluated
the use of HDT with allogeneic or autologous
transplantation in the consolidation of first
remission, as a means of preventing relapse 
and improving survival.

At the time of relapse intensive chemotherapy is
thought to be required to induce further remis-
sions, and at this point the remission rates attained
are much lower than at presentation. Prolonged
remission is unlikely and HDT/PCT has been 
used in an attempt to increase the duration of
second remission.

In the UK, a large proportion of AML patients 
aged 65 years or younger are entered into national 
MRC trials and this has ensured some degree 
of uniformity in the approach to treatment. CC 
is intensive, generally takes around 3–5 months 
to complete and is associated with longer 
periods of hospitalisation than is HDT with
autologous support.

Shortly after we undertook our systematic review 
we became aware that a more reliable meta-analysis
based on individual patient data to investigate 
the role of HDT/autologous BMT as consoli-
dation of first remission had been completed 
by the AML Collaborative Group (Clarke M,
Clinical Trials Services Unit, Oxford: personal
communication, 1997). However the results of 
the AML Collaborative Group project have not yet
been published and it was decided to include the 
current results in our report as an interim measure.
The results presented here are undoubtedly less
reliable than those of the AML Collaborative
Group (see appendix 6) and should therefore 
be replaced by the former when they become
publicly available.

Methods

The methods set out in chapter 2 were used.

First remission
Five RCTs were identified which investigated the
use of HDT with autologous transplantation com-
pared with conventional therapy in the consoli-
dation of first remission. An additional trial61 was
identified which reports results of the comparison
of HDT/PCT with CC for a mixture of randomised
and non-randomised patients and although these
data are presented in the table and ORs have been
calculated, no comment is made on these results
and the results have not been used in any data
synthesis. Ten CCTs comparing HDT/PCT with 
CC were identified. Because of the amount of data
available from RCTs and CCTs it was decided not 
to search for the results of cohort studies.

Second remission
No RCTs or CCTs were identified. Two retro-
spective cohort studies were found, although 
it is likely that some patients are included in 
both studies.

Results

First remission
Data from RCTs and CCTs comparing HDT/PCT
with conventional therapy for the consolidation of
first remission in adult AML are shown in Tables 26
and 27.

RCTs comparing HDT/autologous
transplantation with conventional therapy
Five RCTs were identified which compared
autologous transplantation with conventional
therapy in first remission (Table 26). Four62–65 com-
pared HDT/PCT with CC. The fifth66 compared
HDT/PCT with ‘no further therapy’ and included
some paediatric patients. A total of 928 individuals
(including children) were randomised across all
trials between 1984 and 1994.

Of the five publications identified, three62–64 were
full papers, and two were abstracts65,66 (Table 26).
Two publications62,64 are from the same trial group,
and although updates of the earlier trial62 have

Chapter 7
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been reported, the results have been combined
with the results of the later trial.64 One of latest
updates of trials from this group67 also contains
patients from a third trial which has not been
reported separately. The most recent reference 
for each individual trial is tabulated.

Four publications63–66 reported information on
survival, but only the full paper63 presented a
survival curve. All but one publication66 reported
on PFS, but the data given for one trial64 did not
include deaths from all causes as events; a true 
PFS curve appeared in only one paper.63

Survival
None of the publications,63–66 giving survival
information reported any evidence of a difference
between treatments. Pooling the calculated 4-year
results gives a combined OR of 0.89 (95% CI
0.64–1.29) (Table 28) in favour of HDT/PCT.

PFS
Of the three publications that reported PFS,62,63,65

no significant difference between treatments was
reported in one trial65 and a result of borderline
significance in favour of HDT/PCT was reported
for a second.63 The third trial62 reported no statis-
tical information, but a calculated OR of 0.28 
(95% CI 0.04–2.04) at 2.5 years showed no evi-
dence of a difference between treatments. How-
ever, combined ORs for 2 and 4 years were 0.57
(95% CI 0.36–0.93) and 0.61 (95% CI 0.41–0.90),
respectively (Tables 29 and 30), which suggests an
absolute survival benefit of approximately 14%
(95% CI 2–23%) at 2 years and 12% (95% CI
3–22%) at 4 years, both favouring HDT/PCT.

CCTs comparing HDT/allogeneic
transplantation with conventional therapy
Eight full papers and three abstracts were identified
(Table 27) which compared HDT/allogeneic trans-
plantation with CC for the consolidation of first
remission in adults (two trials68,66 included both
adult and paediatric patients). Ten trials compared
the outcome for patients with a donor60,68–76 (allo-
cated allogeneic transplantation) with the outcome
for patients without a donor allocated CC. One
trial66 randomised patients without a donor to auto-
logous transplantation or ‘no further therapy’ but
all patients without a donor were analysed in the
no-donor arm, regardless of whether they were
actually randomised. Across all trials over 900
patients were registered between 1977 and 1994.

Only three full papers60,69,70 and one abstract76

reported information on both survival and PFS.
Four publications66,71,73,74 reported only results for

survival, all but one73 of which presented a survival
curve. Three publications68,72,75 presented only PFS
data, and two published PFS curves.68,72

Survival
Five publications60,66,70,71,73 reported no evidence 
of a difference between allogeneic transplantation
and conventional therapy. Two publications69,74

made no statistical comment on their results but
sufficient information was presented to calculate
ORs, both of which favoured HDT/PCT (Table 27).
In an abstract, Dinsmore and colleagues76 reported
only crude survival figures at the time of analysis,
and it was not possible to calculate an OR.

Combined analysis at 2 and 4 years gave ORs 
of 0.87 (95% CI 0.56–1.35) and 0.31 (95% CI
0.21–0.45), respectively (Tables 31 and 32) which
suggests an absolute survival benefit of approxi-
mately 26% (95% CI 19–32%) at 4 years. The
calculated OR for the preliminary report from 
one study74 is extreme and because of the limited
information reported in the abstract, can only be
included in the combined analysis at 4 years. It is
very possible that this poorly reported trial is not 
a true CCT but simply a cohort study, but there is
insufficient information to assess this properly. A
sensitivity analysis omitting this trial gives a com-
bined OR at 4 years of 0.82 (95% CI 0.50–1.32).

PFS
Five publications60,68,70,72,75 report no evidence of a
difference between the two therapies in terms of
PFS. For one of these trials75 allogeneic transplant-
ation was compared with two chemotherapy regi-
mens, neither of which was significantly different
from the HDT/PCT arm. One publication69 reports
a significant difference in favour of HDT/PCT, but
this trial had a very short follow-up. In an abstract
Dinsmore and colleagues76 make no statistical
comment on the findings, and there is insufficient
information to calculate an OR.

Hewlett and colleagues72 present PFS data for
patients who received transplants, patients with
donors but who did not receive a transplant, and
CC patients. The calculated OR used the total
number of events in the combined groups of
patients who had a potential donor. However, 
the paper does report a non-significant p value 
for the log rank test of donor versus no donor.

The combined ORs at 2 and 4 years are 0.49 (95%
CI 0.31–0.66) and 0.47 (95% CI 0.29–0.77) respec-
tively, which suggests an absolute survival benefit 
of approximately 16% (95% CI 10–26%) at 2 years
and 18% (95% CI 7–29%) at 4 years in favour of
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patients receiving allogeneic transplantation 
(Tables 33 and 34).

Cohort studies comparing HDT/allogeneic
transplantation with conventional therapy
As previously discussed (chapter 3) it is usual for
trials which randomised between autologous BMT
and CC also to compare allogeneic transplantation
and CC. This latter comparison is essentially a
cohort study and although no literature search 
was carried out to identify other cohort studies, 
the results of these comparisons are tabulated 
for completeness (Table 35).

HDT/PCT in second remission
The results from two retrospective cohort
comparing HDT/allogeneic transplantation with
CC for the consolidation of second remission in
AML summarised in Table 36.

Discussion

A total of four trials, including 553 adult patients
with AML, which compared HDT/autologous
support with CC have been published. There was
no good evidence of a survival difference in any of
these trials or in the combined results. There was
however some suggestion that HDT/PCT might
improve PFS, with all trials favouring HDT/PCT
and the combined OR reaching conventional 
levels of significance. The trial reporting on the
comparison of autologous transplantation and 
‘no further therapy’ also found no evidence of 

a difference in survival at 5 years. Further research 
is undoubtedly needed to confirm whether HDT
with autologous transplantation increases PFS and
to determine whether such PFS benefit is translated
to a survival benefit. There is currently one on-
going trial (Table 37) in which participation 
should be encouraged.

HDT including allogeneic transplantation has 
been compared with CC in a number of controlled,
but non-randomised, comparisons. Consequently,
although encouraging, the results from ten trials
including over 900 patients must be interpreted
with caution. The reporting of these trials was
incomplete, with just over half presenting survival
data. Although the combined results appear to
suggest a survival benefit of HDT/PCT at 4 years,
this is driven largely by the results of the study by
Labar and colleagues.74 It was difficult to discern
whether or not that study was a CCT or cohort
study and the results are extreme. Without the
results of the study by Labar and colleagues,74

there is no clear evidence of a survival difference
between the two treatment approaches. As for
survival, there is some suggestion that HDT/PCT
might offer an advantage over conventional therapy
in terms of PFS, with the combined ORs at 2 and 
4 years reaching conventional levels of significance.
However, given the potential bias associated with
non-randomised studies, such results must be inter-
preted cautiously and further research is required
to confirm this observation. There is currently one
on-going trial (Table 37) in which participation
should be encouraged.
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Introduction

The natural history of untreated CML has been
well described and includes an initial chronic
phase, the median duration of which is about 
3.5 years. Approximately 15% of cases transform 
to an acute phase (blast crisis) each year and this
transformation is invariably followed rapidly by
death, so that by 10 years from presentation most
patients have died.79

The traditional aim of conventional therapy, 
which is generally relatively simple and involves
oral administration of non-toxic drugs, has been 
to improve quality of life rather than to cure 
or prolong survival. Recently however, alpha-
interferon has been reported to significantly
increase the duration of the chronic phase.80

CML is primarily a disease of the elderly, the
majority of whom would be unsuitable for HDT/
PCT even if it were proved to be effective. There
are, however, a number of younger patients who
may be suitable for more intensive therapies
including a small proportion in the 20–40 year age
group who might be considered for allogeneic
transplantation from either related or unrelated
donors. On the basis of encouraging observations
of long-term survival rates approaching 50% in 
case series and cohort studies, and despite the 
high mortality associated with these procedures,
allogeneic transplantation from a sibling donor is
accepted by many as the treatment of choice for
young patients. There is a widely held belief that
randomised comparisons of this approach with
conventional approaches would be unethical. 
For older patients it is thought that the high 
early mortality associated with transplantation 
may outweigh the potential advantages of any 
possible long-term benefit and consequently

HDT/PCT has been little tested or used for 
such patients.

Methods

The search strategies set out in chapter 2 were used.

Results
No RCTs or CCTs were found. Four cohort studies
were identified (Table 38).

Discussion

There is at present no reliable evidence from 
RCTs or CCTs concerning the use of HDT involving
either allogeneic or autologous transplantation in
the treatment of CML. Treatment decisions are
made largely in relation to the age and fitness 
of a patient, together with perceptions of a
treatment’s efficacy.

Given the poor prognosis and lack of alternative
potentially curative therapies, allogeneic transplant-
ation is widely accepted as routine therapy for
young patients with a suitable sibling donor.
However, in the absence of information from pro-
spective controlled trials, it is impossible accurately
to quantify the true magnitude of any potential
benefit or associated risk of this treatment.

RCTs, or well conducted CCTs, are essential to
evaluate reliably the therapeutic options currently
available to patients with CML. Two trials that are
currently on-going compare HDT/autologous
transplantation with CC (Table 39) and partici-
pation in these trials should be encouraged.

Chapter 8

Review: chronic myeloid leukaemia
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Introduction

Chronic lymphocytic leukaemia (CLL) is 
primarily a disease of the elderly, and as the 
overall median survival is between 8 and 
12 years, death often occurs due to other 
causes. Therefore, it is difficult to justify the 
use of HDT/PCT in this population. Treatment 
for this condition in its early stages normally
consists of initial observation followed by
chemotherapy often involving the oral adminis-
tration of a single alkylating agent such as 
chlorambucil, which is aimed at improving
symptoms rather than at cure. There are, 
however, a minority of younger patients who 
may benefit from and be suitable for more
intensive therapies.

Methods

The search strategies set out in chapter 2 
were used.

Results

No trial or comparative study of HDT/PCT 
versus CC in CLL was identified.

Discussion

HDT/PCT procedures have been little used 
or investigated in the treatment of CLL. Since the
vast majority of patients are elderly, it is unlikely
that HDT/PCT could have widespread applicability
and its potential use is likely to be restricted to the
small proportion of young patients.

It has recently been reported that the chemo-
therapeutic agent fludarabine appears to induce
complete responses relatively easily and that HDT
with autologous transplantation may have a role in
improving survival for those patients who have
responded to treatment. This hypothesis has yet to
be tested and as far as is known no randomised trials
are planned. It is also possible that the use of allo-
geneic support which could potentially harness the
GVL approach may be of benefit in treating CLL,
but even registry data on this approach are limited.

Currently, whilst likely to be feasible and potentially
applicable to a small subset of patients, HDT/PCT
remains an experimental approach to treating
CLL. It is essential that if preliminary studies show
HDT/PCT to be of potential benefit, the therapy
should be tested in well-designed, conducted and
analysed RCTs. Such trials would undoubtedly
require national and international cooperation.

Chapter 9
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Introduction

The non-Hodgkin’s lymphomas (NHLs) are a
relatively rare, clinically and pathologically hetero-
geneous group of malignant diseases of lymphoid
tissue. On the basis of their pathological character-
istics and clinical behaviour, they are usually
divided into three major subgroups, termed 
low-, intermediate-, and high-grade NHL.

Low-grade NHLs are indolent diseases, with a
characteristic relapsing and remitting course, and
there is a median survival of 8 to 10 years from the
time of diagnosis.85a Although low-grade NHLs are
generally regarded as incurable, there have been
very few studies addressing the use of HDT/PCT 
in the treatment of these diseases.

In contrast, HDT/PCT has been used widely for 
the treatment of intermediate- and high-grade
NHLs. These are much more aggressive malignant
diseases, in which modern first-line combination
chemotherapy regimens produce complete
response rates of about 60–80%.85b However, 
only 40–50% of patients achieve long-term disease-
free survival.85b For those patients with relapsed 
or refractory disease, outcome is very poor, with
only 10–15% achieving long-term disease-free
survival after treatment with conventional second-
line regimens.86a In early, registry-based and single-
institution studies long-term PFS rates of 30–40%
were reported for patients with relapsed/refractory
disease treated with HDT/PCT. As a result, the 
use of HDT/PCT in this situation has 
become widespread.

Although the use of HDT/PCT was initially
restricted to salvage in patients with poor prognosis,
it has been applied more recently as post-remission
therapy after conventional dose remission-induction
treatment, and as a component of the initial induc-
tion therapy. The earlier use of HDT/PCT in these
diseases has been due both to the increasing safety
and reduced mortality of HDT/PCT which is asso-
ciated with improved supportive care (particularly
the use of peripheral blood stem cells) and the
identification of high-risk patients with NHL (based
on the International Index86b) which allows early
intensification of therapy to be tested prospectively
in high-risk patients.

Methods

The methods set out in chapter 2 were used. Seven
RCTs and no CCTs were identified. As the RCTs
treated patients in a variety of different disease
stages, data from other cohort studies were 
also tabulated.

Results

RCTs comparing HDT/PCT with 
CC in NHL
A total of seven RCTs including 1292 patients were
identified (Table 40); patients were randomised
between 1987 and 1995. These RCTs included trials
investigating HDT/PCT in a variety of different
disease stages which were considered to be
clinically distinct groups of patients who are
generally managed differently and so each is
considered separately.

First-line induction therapy
One paper,87 and two abstracts presenting
preliminary results,88,89 reported trials which
randomised a total of 524 patients to HDT/PCT 
as first-line therapy. One study87 randomised to
immediate HDT/PCT versus delayed HDT/PCT 
on relapse.

Survival
The full paper87 reported no evidence of a
difference between treatment arms. One of the
abstracts89 reported a significant benefit for CC.
The other abstract88 presented no summary statis-
tics but stated that the results showed no advantage
for HDT/PCT; the calculated OR at 3 years of 
0.95 (99% CI 0.36–2.53) showed no evidence 
of a difference between the two treatments.

No combination of data at 2 years was possible
(Table 41). Combining the results at 3 and 4 years
gives a pooled result which shows no clear evidence
of a difference between HDT/PCT and CC with an
OR of 0.74 (95% CI 0.42–1.31) in favour of
HDT/PCT (Table 42).

PFS
One publication87 reported a significant PFS
benefit for HDT/PCT and another89 reported 
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a significant benefit for the CC arm. The third
publication88 presented no information on PFS. 
No combination of data was possible.

Consolidation of first complete remission
One full paper90 reported a trial of HDT/PCT as
consolidation of first complete remission which
included 541 patients classified as poor risk
according to the Coiffier criteria.

Survival
There was no evidence of a difference in survival
between HDT/PCT and CC, with a reported
relative risk of 1.03.

PFS
No evidence of a difference in PFS between
HDT/PCT and CC was reported (relative risk 
= 1.19).

Consolidation of first remission in 
slow responders
Two full papers91,92 reported trials investigating
HDT/PCT as consolidation of first remission in
patients who were slow responders to induction
chemotherapy, which in total randomised 
118 patients. Both papers presented survival 
and PFS curves.

Survival
Neither paper reported evidence of a difference 
in survival. The pooled ORs of 1.08 (95% CI
0.47–2.45) at 2 years (Table 41) and 1.73 (95% 
CI 0.80–3.75) at 4 years (Table 42) indicate no 
clear evidence of a difference between treatments,
although both favour CC.

PFS
Neither trial showed evidence of a difference in
overall PFS. Although both the combined 2-year
OR of 0.84 (95% CI 0.40–1.73; Table 43) and the 
4-year OR of 0.96 (95% CI 0.47–1.99; Table 44)
favour HDT/PCT, they do not reach conventional
levels of significance.

Consolidation of second or third complete or
partial remission
One trial93 of 109 patients investigated the use 
of HDT/PCT as consolidation of second or third
complete or partial remission. This was reported 
in a full paper which presented survival and 
PFS curves.

Survival
The paper reported a significant survival advantage
of HDT/PCT, although it was noted that a greater
number of patients received radiotherapy in the

HDT/PCT arm than in the CC arm (40% 
vs. 22%).

PFS
A significant advantage of HDT/PCT was also
reported for PFS.

Cohort studies
Data from cohort studies are summarised in 
Table 45.

Discussion

High-grade and intermediate-
grade lymphomas
Salvage therapy
HDT/PCT is now widely regarded as ‘standard’
treatment for patients with relapsed or refractory
aggressive NHL. This is based largely on the results
of retrospective studies from single institutions and
transplant registries. More recently, this view has
been supported by results from the single RCT93

discussed above, which reported an advantage in
survival and PFS for HDT/PCT over CC in patients
treated in second or third remission. The trial took
7 years to complete, and only 109 patients were
randomised, although the original target accrual
was for 142 randomised patients.94

No other on-going or planned prospective studies
address the role of HDT/PCT in the salvage
setting. Therefore, on the basis of results from 
only one small trial, HDT/PCT is now regarded by
many as the optimum salvage therapy for aggressive
NHL. Further prospective randomised studies are
required to establish reliably whether or not HDT/
PCT is superior to conventional dose salvage
treatment. As far as is known, no such trials are
currently planned.

First-line therapy in previously 
untreated patients
Three randomised studies have been reported, two
of which were in abstract form. The trial87 reported
as a full paper found a significant improvement in
PFS in the HDT/PCT arm which was not observed
in the results for overall survival. The other two
reports88,89 are very preliminary. Consequently, at
present there is insufficient published evidence to
determine the role of HDT/PCT in this situation.

Consolidation of first complete remission
A single randomised study has addressed the role
of HDT/PCT in complete remission, for patients
with high-risk aggressive NHL defined using prog-
nostic factors similar, but not identical, to those
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identified by the International Index. No
difference in overall survival or PFS was reported.
However, in a later subgroup analysis, published
since the completion of this review, the authors
reported an improved PFS and overall survival for
patients defined as high-intermediate- or high-risk
according to the International Index.

There are several randomised trials in progress
(Table 46) which compare high-dose with convention-
al dose post-remission therapy for patients with high-
risk disease. All have very similar study designs, and
most will be completed within the next 1 to 2 years.

Consolidation of first partial remission in slowly
responding patients
Two randomised trials, both with small numbers,
assessed the role of HDT/PCT in slowly responding
patients, who have been shown in several retro-
spective studies to have a poor prognosis. Both
trials were small, and both failed to demonstrate 
a clear difference in overall survival or PFS between
treatment arms.

Low-grade lymphomas
There is very little evidence at present on the 
role of HDT/PCT in low-grade lymphoma. One
randomised study has recently closed because 
of poor accrual, and other studies are on-going.
Participation in randomised trials should 
be encouraged.

In summary, most clinical trials in NHL have
focused on intermediate- and high-grade disease.
There are very few randomised trials currently
reported, and no definitive conclusions can be
made about the efficacy of HDT/PCT.

In the absence of further randomised trials, 
the use of HDT/PCT as salvage therapy is likely 
to remain a standard approach. Its role as initial
therapy, either for untreated patients or for those
in remission after conventional dose induction
therapy, remains uncertain, but this may be
clarified on completion of the on-going pro-
spective trials (Table 46). Participation in these 
trials should be encouraged.
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Introduction

Hodgkin’s disease (HD) is an uncommon lymphoid
malignancy, with an incidence that peaks in young
adults and again among older age groups. Until
recently, treatment was determined almost entirely
by the anatomical stage at presentation, although
in recent years the identification of various prog-
nostic factors has allowed a more ‘risk-directed’
approach. However, the stage at presentation
remains a major determinant of therapy. For
patients with early-stage disease, extended field
radiotherapy has been standard treatment for 
many years, although chemotherapy is now 
gaining an increasing role.

The use of combination chemotherapy such as
MOPP (mustine, vincristine, procarbazine, pred-
nisone) for advanced stage HD is associated with
response rates of 80–90%.98 Long-term follow-up 
of patients treated with this regimen has shown 
that about 50% remain alive and disease-free at 
20 years,99 with most deaths being due to recurrent
HD, although treatment-related complications are
also an important cause of late deaths. Long-term
complications of regimens based on alkylating
agents such as MOPP include secondary malignancy
(leukaemia, NHL and solid tumours), immuno-
suppression, and male and female infertility. In
recent years, anthracycline-based chemotherapy
regimens such as ABVD (doxorubicin, vincristine,
bleomycin and dacarbazine) have largely replaced
MOPP and related regimens as the standard treat-
ments for advanced HD.98 These regimens are
thought to produce higher long-term PFS rates, 
and less long-term toxicity.

As with NHL, HDT with autologous PCT in HD 
has been used primarily for patients with relapsed
disease. Although patients initially treated with
radiotherapy can be very effectively salvaged with
combination chemotherapy, the long-term PFS for
patients who relapse after, or are refractory to, their
first-line chemotherapy regimen is only 15–20%.100

Studies from single institutions and registry-based
studies have reported higher PFS rates for patients
receiving HDT/PCT than have been reported for
conventional dose salvage therapy, and the use of
HDT/PCT as second-line chemotherapy for HD 
is now widely accepted.

Although studies of HDT/PCT to consolidate 
first remission are in progress, this approach has
been limited by the difficulty in identifying ‘poor-
risk’ patients with HD, in whom the long-term 
PFS is sufficiently poor to justify a more intensive
approach.101 It should be noted that young adults
form a large proportion of the patients with HD,
and therefore it is particularly important to evalu-
ate the incidences of the potential long-term
toxicities associated with HDT/PCT.

Methods

The methods set out in chapter 2 were used. 
One RCT and no CCTs were identified and 
so data from three other comparative studies 
were tabulated to provide supplementary
qualitative information.

Results

RCT comparing HDT/PCT with CC 
in HD
The one RCT identified randomised resistant 
or relapsed HD patients102 (Table 47). The trial 
was stopped early because of poor accrual, 
40 of a planned 66 patients having 
been recruited.

Survival
No evidence of a difference in overall survival 
was reported.

PFS
A conventionally significant improvement in PFS
was reported for the HDT/PCT arm.

Cohort studies
Data from cohort studies are summarised in Table 48.

Discussion

As with NHL, on the basis of retrospective data
HDT/PCT is now generally considered as ‘standard’
therapy for patients with relapsed or refractory 
HD. Only one randomised trial has been published,
and this is much too small to provide a basis for 

Chapter 11
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firm conclusions. The paper102 reported a significant
improvement in PFS for HDT/PCT compared with
conventional dose salvage therapy. No improvement
in overall survival was observed, although this may
be due in part to the fact that several patients who
failed the conventional dose salvage therapy 
‘crossed over’ to receive HDT/PCT. The trial is 
also confounded by the fact that a mixture of
chemo-sensitive and chemo-resistant patients were
included, and it is not apparent whether the two
arms of the trial were balanced for these factors.

At present, HDT/PCT is generally accepted as a
standard therapy for patients with HD which has
relapsed after an initial combination chemotherapy
regimen. However, further randomised trials are
required to verify its role and recruitment into the
on-going trial should be encouraged (Table 49).

The use of HDT/PCT to consolidate first remission
in ‘poor-risk’ HD is the subject of at least two on-
going trials (Table 49), but at present there is no
published evidence to support its use.
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Introduction

In spite of its reputation as a chemosensitive
malignancy, multiple myeloma remains fatal 
for nearly all who contract it.105 It is primarily 
a disease of the elderly and median survival is 
about 2–3 years,106 during which time there is
considerable morbidity, associated mainly with
diffuse bone pain, resulting from the disease.

Alkylating agents (such as melphalan), given 
alone or with corticosteroids, have for many years
been the mainstay of treatment, and when given
appropriately are associated with few side-effects.
About 55% of patients respond to chemotherapy107

and a ‘plateau’ phase of stable disease associated
with few symptoms is reached. Progression occurs
in almost all patients and second-line treatment 
is at present unsatisfactory: responses are of short
duration and there is a high morbidity associated
with therapy. More aggressive combination
therapies, aimed at increasing the duration of 
the initial plateau phase, have been introduced.
These have had limited success and whether such
intensive regimens, which are more difficult to
administer and are associated with greater
morbidity, have any benefit over melphalan 
and prednisolone is uncertain.106,108

The transient nature of remissions after conven-
tional treatment has led to the investigation of dose
intensification, especially for the younger patient
population in whom such treatment can be toler-
ated. HDT with autologous support aims to induce 
a stable minimal disease state, if not a complete
response. The duration of the plateau phase is possi-
bly the most clinically important end-point in treat-
ing multiple myeloma, as this represents the period
of time when the symptoms of the disease are best
controlled and a patient’s quality of life is best. Thus,
even if HDT/PCT and CC were to be equally effec-
tive in terms of survival, if the PFS time is longer
with HDT/PCT then it might become the treatment
of choice for younger fitter patients.

Methods

The methods set out in chapter 2 were used. Only
two RCTs and no CCTs were identified and so data

from other comparative studies were also tabulated
to provide supplementary qualitative information.

Results

RCTs comparing HDT/PCT with CC in
multiple myeloma
The two RCTs identified reported on 357
randomised patients (Table 50). One trial109

compared the use of HDT/PCT with CC as first-
line treatment. The other110 compared first-line
HDT/PCT with deferred HDT/PCT for those
patients with disease refractory to, or recurring
after, CC. Patient recruitment over both trials
occurred between 1990 and 1994. Both trials were
reported as full papers with one109 presenting
survival and PFS curves.

Survival
A conventionally significant benefit for HDT/PCT
over CC (Table 50) was reported for one trial.109

No evidence of a survival difference was shown 
in the second trial.110 At 2 years the combined OR
of 0.68 (95% CI 0.42–1.10) favours HDT/PCT
(Table 51).

PFS
One publication109 reports a significant PFS benefit
for HDT/PCT (Table 50). The other110 makes no
statistical comment. The calculated combined OR
at 2 years (Table 52) suggests an absolute survival
advantage for approximately 22% in favour of
HDT/PCT with an OR of 0.39 (95% CI 0.25–0.59).

Cohort studies
Data from cohort studies are summarised in Table 53.

Discussion

Only two small RCTs were identified which
compared HDT/autologous transplantation with
conventional therapy. One trial109 showed a small
but significant improvement in both overall survival
and PFS for HDT/PCT, despite appreciable attri-
tion in the HDT/PCT arm with 26% of patients
unable to complete the high-dose procedure as
intended. A second trial110 also showed an improve-
ment in PFS with HDT/PCT, but no difference in
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survival, possibly owing to the relatively large
number of cross-overs to HDT/PCT in the
conventional dose arm (32 of 79 patients). The
combined ORs at 2 years suggested a PFS benefit
for HDT/PCT, which was not seen in survival at 
this time. Because of the preliminary nature of the
data from the trial by Fermand and colleagues,110

combined ORs could not be calculated at 4 years, 
at which point the OR of the more mature trial 
by Attal and colleagues109 suggests a benefit in
favour of HDT/PCT.

At present, it is not possible to comment reliably 
on the efficacy of HDT/PCT with autologous

transplantation compared with conventional
therapy. Two trials are on-going (Table 54) and 
if the target accrual is reached the number of
patients in randomised comparisons will be more
than trebled. Participation in these trials should 
be encouraged.

The role of allogeneic transplantation for the
treatment of multiple myeloma has been little
investigated because of the age of the majority 
of patients and the very high early mortality which
is thought to be greater than 40%.111 At present
allogeneic transplants are considered an
experimental therapy.
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Introduction

Breast cancer is the commonest of malignant
diseases in women, and in England and Wales there
are about 34,000 new cases each year.117 Thus any
benefit of HDT/PCT in breast cancer could have
major implications both in terms of public health
and NHS resources. Approximately 20,000 patients
with metastatic breast cancer undergo HDT/PCT
each year in the USA, at an estimated cost of 
1 billion dollars.118

Patients with advanced disease or metastases, either
at diagnosis or following recurrence, are generally
considered incurable, although responses to CC
are observed in a high proportion of patients, and
a small number of long-term survivors are present
in some series.119 To date, the majority of studies 
of HDT/PCT have focused on metastatic disease in
an attempt to establish whether such treatment is
potentially effective. High response rates have been
demonstrated in several series, but the duration of
responses is generally short.

In most cases early breast cancer is treated locally
by a combination of surgery and radiotherapy.
Adjuvant chemotherapy produces modest improve-
ments in survival for patients.120 However the
prognosis for women with extensive axillary node
involvement remains poor and it is in this group 
of early breast cancer patients that dose intensifi-
cation and HDT/PCT is now being tested.

Methods

The methods set out in chapter 2 were used. As
only three RCTs and no CCTs were identified, data
from other comparative studies were also tabulated
to provide supplementary qualitative information.

Results

RCTs comparing HDT/PCT with CC in
breast cancer
Three randomised trials121–123 including a total of
197 patients were identified (Table 55) all of which
investigated the use of HDT/PCT in advanced
disease. Two trials122,123 randomised only those

women responding to initial chemotherapy,
whereas in the remaining trial121 no initial chemo-
therapy was given. Two trials were published as full
papers,121,122 one written in Swedish,122 and one trial
was published as an abstract.123 Across all studies
randomisation took place between 1988 and 1995.

Survival
One publication123 reported a significant benefit 
of CC, although it is unclear from the abstract
whether the p value presented is for comparison 
of median survivals or from the log rank test.
Another publication121 reported a significantly
longer median survival on HDT/PCT but did 
not present any associated statistics or log rank
analyses, although calculated ORs for survival 
of 0.17 (99% CI 0.05–0.53) at 1 year and 0.10 
(99% CI 0.03–0.35) at 2 years are conventionally
significant. The third publication122 did not present
any information on survival. Therefore survival
results could not be combined.

PFS
Only one report123 presented a statistical compari-
son of HDT/PCT with CC, which showed a conven-
tionally significant benefit of HDT/PCT. As this was
the only trial to report on this end-point, present-
ing only median PFS, it was not possible to
calculate ORs or combine results.

Cohort studies
Data from cohort studies are summarised in 
Table 56.

Discussion

Despite the large numbers of women who have
reportedly been treated with HDT/PCT, particu-
larly for metastatic disease, there is little good
quality evidence for its efficacy. The limited evi-
dence that is available from randomised trials in
metastatic disease is inconsistent. The trial reported
by Bezwoda and colleagues121 favours HDT/PCT,
but the results could potentially be confounded 
by the use of maintenance tamoxifen: more HDT/
PCT patients responded to treatment and were
therefore offered tamoxifen, whereas fewer CC
patients exhibited a response to treatment and
consequently fewer received it. In addition, the

Chapter 13
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conventional treatment arm had an unusually poor
outcome by comparison with other series. An
abstract123 on another trial reported a significantly
longer PFS for patients who received HDT/PCT,
but significantly better survival for patients who
received CC, possibly because a proportion of those
treated in the CC arm may subsequently have gone
on to receive HDT/PCT at the time of recurrence.
A third trial122 stopped early owing to poor accrual
and included too few patients and gave too few
details to draw useful conclusions.

Consequently, it is not possible to draw firm
conclusions from these trials at present. The results
of the large studies now underway (Table 57) must
be awaited before HDT/PCT can be accepted as a
routine part of management. The disease is suffi-
ciently common for reliable evidence to be gather-
ed in a short time if these trials are energetically
supported. A systematic review of the literature

concerning the use of HDT/PCT in the treatment
of metastatic breast cancer, which used somewhat
different methodology and was conducted in the
USA, reached broadly similar conclusions.124

There is as yet no evidence from randomised trials
concerning HDT/PCT for breast cancer in the
adjuvant setting. As this is the largest group of
potential HDT/PCT recipients it is of the highest
priority that recruitment into those trials now
underway (Table 57) is encouraged. Without reli-
able evidence to guide practice it is likely that the
use of HDT/PCT would gradually increase in this
group of patients who are usually free of co-morbid
conditions and thus able to tolerate the therapy
well. The unsatisfactory outcome of conventional
adjuvant therapy in patients with extensive axillary
lymph node involvement is a powerful factor in
this, making it all the more necessary to determine
the role of HDT/PCT as soon as possible.
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Introduction

Non-seminomatous germ-cell tumours provide 
a model for chemotherapy-curable malignancies.
With the use of platinum-containing combination
treatment, and where necessary follow-up surgery,
approximately 80% of patients with metastatic
disease may expect cure.131 However, for the few
men in whom initial treatment fails to produce a
complete remission, or the small proportion of
patients in which the disease recurs, the outlook is
much less satisfactory. Conventional ‘salvage’
regimens may cure around a third of such
patients132 but for the majority the illness proves
fatal. The testing of high-dose chemotherapy 
with autologous stem cell rescue is a logical
response to the frequent failure of ‘salvage’
therapy, given the demonstrable chemo-
sensitivity of most cases.

High-dose treatments have principally been applied
following recurrence after conventional treatment.
More recently, the identification of prognostic
features at the time of presentation has allowed the
description of a high-risk subgroup in which the
results of conventional therapy are less satisfactory
(41% PFS at 5 years131) and for which elective
intensification may be appropriate as a part 
of initial treatment.

Methods

The methods set out in chapter 2 were used. 
Only one RCT and no CCTs were identified and 
so data from the one relevant comparative study
were also tabulated to provide supplementary
qualitative information.

Results

RCT comparing HDT/PCT with CC in
germ-cell tumours
One randomised trial133 including a total of 
114 patients with poor-prognosis metastatic non-
seminomatous germ-cell tumours was identified
(Table 58). Randomisation took place between 
1988 and 1991 and the trial was reported as a 
full paper in 1993.

Survival
No evidence of a difference in overall survival
between high-dose and conventional therapy 
was reported.

PFS
PFS at a median follow-up of 24 months was
reported to favour CC, but no statistics were
presented for this end-point. No curve was
presented and the percentage alive and free 
from progression was not given. Therefore 
it was not possible to calculate ORs.

Cohort studies
Data from cohort studies are summarised in 
Table 59.

Discussion

Only one randomised trial has addressed 
the use of HDT/PCT in therapy for germ-
cell tumours. This trial of patients with poor-
prognosis metastatic tumours found no evidence
that HDT/PCT is more effective in this situation,
although with only 114 patients randomised 
only large differences in efficacy would have 
been reliably detected. In addition there were
several potential confounding factors in the 
design of the trial: in particular, the planned 
dose of the most active agent, cisplatin, was
identical in both the HDT/PCT and the CC 
regimens. Accordingly, no conclusion can 
be drawn regarding the efficacy of HDT/
PCT in this setting.

The unsatisfactory results of CC in poor-
prognosis patients often leads some clinicians 
to use HDT/PCT in the treatment of germ-
cell tumours, particularly following recurrence, 
but there remains no clear evidence on which 
to base such practice. Those trials currently 
in progress (Table 60) should provide evidence 
of the efficacy of HDT/PCT both following
recurrence and as part of initial therapy for 
those with poor prognostic features. However,
owing to the low incidence of these tumours, 
such trials will require national and inter-
national collaboration to achieve adequate 
statistical power.

Chapter 14

Review: germ-cell tumours
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Introduction

Lung cancer is the leading cause of cancer-related
deaths and worldwide more than half a million new
cases are diagnosed annually.135 About 20% of lung
cancers are of the small cell histological type,136 and
the majority of patients present with extensive
disease. Small cell lung cancer (SCLC) has been
shown to be sensitive to cytotoxic agents, but only
about 5% of patients survive for more than 2 years.137

In an attempt to improve survival rates, dose intensifi-
cation supported by autologous transplantation has
been investigated in patients responding to induction
chemotherapy. Non-SCLC is less sensitive to chemo-
therapy, and as far as it is known no studies have been
performed to investigate HDT/PCT in this disease.

Methods

The methods set out in chapter 2 were used. As
only one RCT and no CCTs were identified, data
from the one relevant comparative study that was
found were also tabulated to provide supple-
mentary qualitative information.

Results

RCT comparing HDT/PCT with CC 
in SCLC
One randomised trial138 including a total of 45
patients with limited stage SCLC who were in
complete or partial remission following induction
chemotherapy was identified (Table 61). Random-
isation took place between 1980 and 1985 and the
trial was reported as a full paper in 1987.

Survival
No evidence of a difference in overall survival 
was reported.

PFS
A conventionally significant benefit in PFS with
HDT/PCT was reported.

Cohort study
Data from a cohort study are summarised in 
Table 62.

Discussion

Only one trial investigating HDT/PCT in SCLC was
identified. This trial reported a significant increase
in PFS for the HDT/PCT arm with no evidence 
of a survival benefit. However, owing to the small
number of patients randomised only large differ-
ences in efficacy could have been detected reliably
and the results must therefore be interpreted
cautiously. The authors also comment that it was
not clear whether progenitor cell support was
necessary for the administration of the ‘high-dose
chemotherapy’ given in the trial. Accordingly, no
conclusion can be drawn regarding the role of
HDT/PCT in this setting.

Investigation of HDT/PCT in SCLC has been
restricted by the co-morbidity in the relatively
elderly patient population, which makes many
candidates unsuitable for intensive chemotherapy
regimens, and there is a perception that HDT/
PCT is ineffective. This perception is, however, 
not based upon reliable evidence, as the findings 
of this review make clear. Further randomised
studies involving patients fit enough to tolerate
such treatment are justified, but it should be 
noted that this approach will only be appropriate 
in the minority of cases. Despite the unsatisfactory
results of CC, HDT/PCT cannot be regarded 
as a routine part of management and parti-
cipation in on-going trials (Table 63) should 
be encouraged.

Chapter 15

Review: small cell lung cancer
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Introduction

Ovarian cancer is generally asymptomatic in 
the early stages. Consequently, the majority 
of women present with advanced disease and
tumour spread to the peritoneal cavity and 
beyond. Cytoreductive surgery is usually followed
by chemotherapy. A recent systematic meta-
analysis of individual patient data has suggested
that platinum-based regimens are more effective
than non-platinum regimens and that cisplatin 
and carboplatin are equally effective.140,141 Much
recent research has focused on the taxanes for
which the majority of RCTs are expected to report
in the near future. Intensification of treatment
(without transplantation) has been tested to
determine whether the number of long-term
remissions may be increased in advanced 
disease and recent Phase II studies of HDT with 
autologous support have reported promising
results, although no randomised trials have 
yet been reported.142

Methods

The methods set out in chapter 2 were used.

Results

No trial nor comparative study of HDT/PCT versus
CC in ovarian cancer was identified.

Discussion

At present there is no reliable evidence concerning
the use of HDT/PCT in ovarian cancer. However,
two RCTs are in progress and a further trial
coordinated by the EBMT has been launched 
(Table 64). The use of HDT/PCT in the treatment
of ovarian cancer should still be considered an
experimental treatment the efficacy of which must
be assessed in RCTs, and recruitment into these
trials should be encouraged.

Chapter 16

Review: ovarian cancer
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Introduction

HDT/PCT is readily identified as a procedure 
of considerable cost, arising from the expense of
prolonged hospital care, high-technology medical
interventions and the provision of specialised
facilities. However, the true cost of HDT/PCT must
be considered in relation to both the long-term
consequences and the cost of administering CC 
to similar patient populations (Table 65).

Methods

The search strategies described in chapter 2 were
used to identify relevant health economics studies.

The conclusions of cost-effectiveness analyses 
based on the results of cohort studies are 

subject to the same potential biases in the
assessment of effectiveness as those previously
described for similar comparisons of clinical 
data and are consequently unreliable.4

Therefore, for those studies that reported 
cost-effectiveness ratios based on data from 
sources other than RCTs or CCTs, only cost 
data are presented.

The cost data presented have, where possible, 
been converted to the equivalent cost in 1993 
US dollars using purchasing power parities
published by the OECD in August 1997 and the 
US All Goods Consumer Price Index published by 
the Bureau of Labor Statistics. Where the paper 
did not present the year for which the prices were
calculated, an estimation was made based on the
year of publication and the years in which 
patients were recruited.

Chapter 17

Health economics review

TABLE 65  Comparison of cost factors in the initial treatment for PCT and CC

Procedure PCT CC

Set-up Setting up a specialist bone-marrow CC utilises the same facilities as chemotherapy 
transplantation unit is expensive. for other malignancies.
However this is a single expenditure.

Hospitalisation Hospitalisation may not be necessary for For some malignancies CC will be given on an 
peripheral blood progenitor cell harvesting, outpatient basis and hospitalisation will occur 
but is required for bone-marrow harvesting. only for adverse events. For other malignancies 

CC is intensive and hospitalisation is required.
It is usually necessary after HDT and may include 
time in an isolation room or intensive care.

Outpatient visits Follow-up visits are necessary on completion of Some CC will be given on an outpatient basis.
treatment. Follow-up visits are necessary after completion 

of outpatient or inpatient treatment.

Laboratory costs Laboratory costs are relatively high because of Routine tests only are necessary.
the need to process the progenitor cells and the 
number of routine blood tests required.

Drugs and Drugs and parenteral nutrition are needed. There are costs for drugs, but parenteral 
nutritional costs nutrition is not needed. Drugs may be 

administered over a longer period of time

Radiotherapy TBI is common. Targeted radiotherapy is more common

Transfusions Transfusions are often necessary because of Transfusions are not usually necessary except in
myelotoxicity. an emergency.

Procedural costs The cost of bone-marrow harvest must –
be included.
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Results

Fifteen studies comparing the cost and/or the cost-
effectiveness of HDT/PCT with those of conven-
tional therapy were identified (Tables 66 and 67).
All used bone marrow as a source of progenitor
cells. In the ten studies which looked at the cost 
of HDT/PCT in leukaemia, all costed allogeneic
transplantation and two studies143,144 also costed
autologous transplantation. In all other disease
sites, the cost of autologous transplantation was
addressed. Across all studies the patients were
treated between 1973 and 1993.

Fourteen studies comparing the cost and/or the 
cost-effectiveness of BMT versus those of PBPCT 
in a variety of malignancies were also identified
(Tables 68 and 69). Across all studies the patients
were treated between 1988 and 1995.

HDT/PCT versus CC
Only four of the identified studies143,145–147 used 
the results of RCTs or CCTs as efficacy measures.
Although these reports derived cost-efficacy figures
based upon observed differences in outcome
between HDT/PCT and CC, as would be expected
given their small size none showed therapeutic
results that reached conventional levels of
significance. If efficacy cannot be considered
significantly different, then the only changing
variable in a cost-effectiveness analysis will be cost.
Therefore, although the results of cost-effectiveness
analyses are tabulated, only cost data are
considered further.

All but two analyses144,148 conducted on treatment 
of leukaemia concluded that HDT/PCT was more
expensive than CC. The cost of administering BMT
and some subsequent therapy in acute leukaemia
(first and second remission, autologous and allo-
geneic transplantation) was reported to be around
1–2 times the cost of CC in all studies143–146,148–152

except one153 (in which BMT was reported to be
five times the cost of CC). In other diseases the cost
of BMT was found to be between 1 and 5 times 
the cost of conventional therapy.147,154–156

All analyses were based on the mean costs from
small patient cohorts, the majority of which were
not from randomised or pseudo-randomised 
trials. It is therefore possible that these data 
are not representative of the cost of either
treatment modality.

PBPCT versus BMT
Thirteen comparative studies were identified in
which the costs of administering HDT/BMT were

compared with those of treatment with HDT/
PBPCT (Tables 68 and 69). All but two157,158 studies
were known to be carried out retrospectively. The
average cost of a BMT was reported to be 1–1.7
times that of a PBPCT.

Discussion
HDT/PCT versus CC
The cost-effectiveness of HDT/PCT has yet to be
reliably determined, largely because the true effi-
cacy of HDT/PCT compared with CC is unproven.
Even in those studies that used the results of RCTs
or CCTs, sample sizes were small and unable reli-
ably to detect moderate differences in outcomes. 
As with any therapy the cost-effectiveness of HDT/
PCT is likely to vary depending upon the condition
being treated. In most cases, HDT/PCT is given
with curative intent and therefore differences in
efficacy of HDT/PCT and CC will influence the
cost-effectiveness ratio. In some conditions, for
example childhood ALL, the main potential
advantage of HDT with autologous transplantation
may be to decrease overall treatment time even if
little gain in long-term survival is expected. The
timing of HDT/PCT may also affect the cost-
effectiveness of treatment. For example, HDTPCT
may be used either early in treatment or following
first or second relapse. If HDT/PCT prevents many
more relapses than CC, it may be more cost-
effective to use HDT/PCT as part of initial therapy.
If, however, HDT/PCT prevents only a few relapses,
it may be more cost-effective to reserve this
approach for patients with recurrences. These
issues highlight the need for more prospective
quality of life studies to assess the benefits to
patients of different treatment approaches.

A further aspect of HDT/PCT which has still to 
be fully addressed and which will greatly influence
estimates of cost/cost-effectiveness is that of long-
term toxicity. Reliable evidence of the comparative
incidences of serious long-term toxicities (such as
second malignancies) in patients treated with CC
and HDT/PCT is unavailable and will come only
from the maturation of RCTs and CCTs (see chapter
19). If HDT/PCT causes a greater number of late
side-effects than CC, then the overall costs of HDT/
PCT will increase and the survival rate will decrease.
The economic consequences of long-term toxicities
will be most apparent in those diseases for which 
the patients have the greatest survival times.

At present there is insufficient evidence to
comment on the cost-effectiveness of HDT/PCT
compared with CC in any malignancy because of
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the lack of reliable evidence of the comparative
efficacy of the two treatments. Further prospective
cost-effectiveness studies are required which utilise
the results of large reliable RCTs as measures of the
comparative clinical outcome of HDT/PCT and
CC. Ideally the efficacy measure would be taken
from the results of a meta-analysis of individual
patient data.

PBPCT versus BMT
In most studies PBPCT was reported to cost less
than BMT. The authors generally conclude that the
differences in the cost of the two procedures were
due mainly to the faster haematological recovery
with PBPCT. This reduces the time that a patient 

is at risk from infection, which in turn decreases
hospitalisation (especially in intensive care), and is
likely to reduce the numbers of transfusions and
routine laboratory tests performed. 

Several small randomised comparisons of BMT
versus PBPCT have been performed (see chapter
18). The results of three out of four of these RCTs
confirm the findings of the cohort studies, in that
PBPCT decreases haematological recovery time
with no difference in long-term survival and/or
PFS. If the results of these small RCTs are con-
firmed in larger studies, it could be concluded 
that the introduction of PBPCT in place of BMT
would reduce the cost of HDT/PCT.
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Introduction

PBPCT is increasingly used as an alternative to
BMT for several reasons. Harvesting of PBPCs 
is thought to be more acceptable to the patient
since no general anaesthetic is required and the
procedure is less invasive. The use of haematopoi-
etic growth factors has made it possible to mobilise
large numbers of PBPCs to allow serial high-dose
treatments to be carried out, and is thought to
result in faster engraftment. It may also be possible
to obtain PBPCs from patients whose bone marrow
is unsuitable for harvesting owing to previous
therapy or malignant infiltration. However, at
present there is little data comparing the efficacy 
of BMT with PBPCT in terms of survival and PFS,
nor information about the long-term effectiveness
of PBPC renewal capacity.

Methods

The search strategies in chapter 2 were used. The
search strategies only identified studies which in-
cluded patients being treated for one of the malig-
nancies addressed in this review so it is possible,
although unlikely, that randomised studies includ-
ing only patients with non-malignant conditions or
malignancies not addressed in this review have not
been identified.

Results

Five studies were identified (Table 70): one174

included patients with germ-cell tumours, two161,175

included patients with lymphoma (both HD and
NHL), one160 included patients with solid tumours
and lymphomas, and one trial176 made no mention
of the type of patients treated. Three160,161,174 trials
used growth factors to mobilise the peripheral blood
stem cells, one176 used growth factor to mobilise
both bone marrow and PBPC, and one175 used no
mobilising agents. All trials investigated autologous
transplantation and across all trials more than 262
patients were randomised between 1989 and 1994.

Time to haematopoietic recovery
Three publications160,161,174 reported a convention-
ally significant decrease in the time to platelet and

neutrophil recovery with PBPCT, and whereas 
two publications175,176 reported no evidence of 
a difference in haematopoietic recovery. In two
papers160,161 the authors commented that there was
no evidence of a difference in the number of bleed-
ing episodes between the two groups. No evidence
of a difference in the number of febrile episodes
was reported in two studies,161,174 whilst for a third
study160 it was reported that there was a significant
decrease in the duration of febrile episodes with
PBPCT, although no comment was made on the
incidence of the episodes.

Time to discharge from hospital
Two publications160,161 reported a conventionally
significant decrease in the time to hospital
discharge with PBPCT, and two174,175 reported no
evidence of a difference. The other publication176

reported no data on this outcome.

PFS or survival
No trial found evidence of a difference in overall
survival161,175 or PFS.160,174,175

Discussion

Of the five trials identified, for three160,161,174 it was
concluded that the use of PBPCs decreased the
time to haematological recovery with no compro-
mise in the efficacy of HDT/PCT. Although no
publication reported differences in survival or PFS,
it should be acknowledged that the trials were small
and that the trial data were immature.

In two trials175,176 no evidence was found of
differences between PBPCT and BMT in any of 
the clinical parameters measured. For one of these
trials175 the authors comment that this may be
because no growth factors were used for the
mobilisation of the PBPCs. However, the trial175

was also small, randomising only 28 patients, and
therefore only large differences would have been
detected. In the second of the trials that found no
difference between PBPCT and BMT176 both the
bone marrow and PBPC were primed with growth
factor and the authors conclude that it is the use 
of growth factors before cell harvesting, not the
source of the stem cells, that determines the 
speed of engraftment.

Chapter 18

BMT versus PBPCT
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There was considerable clinical heterogeneity 
in the patient populations included in the trials.
The patients were also in various stages of disease
treatment, with different previous exposure to
cytotoxic drugs.

Overall it appears that PBPCs mobilised using
haematopoietic growth factors shorten the time 
to engraftment when compared with resting 
bone marrow, with no apparent effect on survival.

Whilst the evidence for more rapid engraftment
with mobilised PBPCs is strong, there is a lack of
information concerning long-term outcome,
particularly with respect to control of malignancy.
For this reason further careful studies are required
to determining the relative merits of the two
approaches. Ideally these studies should be in
randomised trials, and it will be important to have
longer follow-up on the trials that have already
been conducted.
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Introduction

As the use of HDT/PCT has increased, and 
the early regimen-related mortality has been
reduced, evidence has emerged that HDT/
PCT may be associated with significant long-
term toxicities. These have been observed in
patients undergoing both allogeneic and
autologous transplantation.

Many research groups have identified second-
ary myelodysplasia, leukaemia, or other second
malignancies, particularly NHL, in survivors 
of both PBPCT and BMT (Table 71).177–179

However, the precise incidence of these
complications is unclear. Although high-dose
chemotherapy (particularly alkylating agents) 
and total body irradiation (TBI) have been
implicated, it is possible that treatment given
before the HDT may be partly responsible for 
the risk of secondary cancer, as is well 
documented for HD.

Other frequently documented long-term 
toxicities include infertility and impairment 
of immune function associated with B and 
T lymphocyte disorders180,181 and general 
health. The functional and employment 
status of survivors of BMT have also 
been studied.182

Methods

The search strategies set out in chapter 2 were
used. The search strategies were designed to
identify those studies that have investigated 
BMT in each malignancy included in this 
review. Therefore, it is possible that eligible 
papers addressing the general question of long-
term toxicity, which have not been tagged in 
the electronic databases with a disease-specific 
label nor have a disease mentioned in the 
abstract text, have not have been identified 
by the search strategies used.

Results

No randomised studies addressing the comparative
long-term side-effects of HDT/PCT and CC were
found and only four cohort studies were identified.
The findings of these cohort studies, the results of
which are summarised in Table 72, are subject to 
the same biases as those of non-randomised 
efficacy studies and their results should be 
viewed with similar caution.

Discussion

As is the case with the efficacy of HDT/PCT, many
hundreds of papers have reported the incidence of
long-term toxicities in cohorts of patients receiving
HDT/PCT. Although these papers have been able
to identify the types of long-term toxicity that 
might be expected from HDT/PCT (see below),
they are unable to give any reliable information
about whether the incidence is significantly higher
than that experienced by similar patient
populations treated with CC.

The types of toxicity reported fall into two cate-
gories, those that can be attributed to chronic
GVHD (or its treatment), which occurs after
allogeneic transplantation, and those probably
caused by the high-dose radiotherapy and chemo-
therapy itself, which will occur regardless of the
type of transplant used. Several of the toxicities 
are generally attributed to the administration of
TBI, and it is thought that the incidence and
severity of many of these complications may
diminish if the TBI is fractionated rather than
administered as a single fraction.

Because of the lack of randomised evidence, 
it is not possible to draw any conclusions about 
the relative incidences of long-term toxicities of
HDT/PCT compared with CC. Further research 
in this area is urgently needed, including the long-
term follow-up of patients entered into clinical
trials of HDT/PCT versus CC.

Chapter 19
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Introduction

Blood from the umbilical cord was first suggested
as a potential source of progenitor cells in 1983,
and following testing in animal models the first
human transplantation using cord-blood cells 
from a sibling donor was carried out for a child
with Fanconi anaemia in 1988.186 The difficulties 
of finding matching donors for allogeneic
transplantation and the potential advantages 
of cord blood as a source of stem cells have
encouraged the establishment of cord-blood
banking and transplantation programmes in 
several countries.

Cord blood is collected from the placenta 
via the umbilical vein after delivery of a baby 
and cutting of the cord. In this way, the cells are
obtained without risk or detriment to either the
mother or child. Apart from avoiding an invasive
procedure, there are other potential advantages 
of cord blood as a stem cell source: the naive
immune repertoire of the neonatal system may
pose a lesser risk of GVHD than other unrelated
donor transplants, and the low rate of viral 
carriage may reduce the risks of infections 
with agents such as Epstein–Barr virus 
and cytomegalovirus.

The limitations of cord-blood transplantation 
have principally been logistic, requiring facilities 
for collection and cryopreservation of the cells 
to be available at the time of delivery. For sibling
transplants this can be arranged in advance, but for
unrelated donors a bank of cord blood is required
with information concerning histocompatibility and
microbiological screening obtained at the time of
collection. Once set up, however, blood banks could
decrease the cost and inconvenience of harvesting
and transporting stem cells. Perhaps the major
constraint on the procedure has been the limited
number of cells that can be obtained from a single
placenta which will determine the maximum size 
of patient for whom the procedure could be used.

Methods

The search strategies set out in chapter 2 
were used.

Results

All publications identified, in which the use of
cord-blood transplantation for patients under-
going HDT/PCT for malignancy was described,
concerned the feasibility of the procedure and 
the complications observed in patient series. 
No studies have compared differences between 
the in vivo characteristics of transplanted cord
blood and other sources of progenitor cells, 
or between sibling and unrelated donors.

The majority of papers reported the results 
of cord-blood transplantation in one or a few
patients, describing the procedure and the
engraftment characteristics. Summaries of case
series of more than ten patients are tabulated 
(Table 73).

Single procedures and small cases series with
sibling donors have been described for child-
hood ALL,187–190 childhood CML,191–195 childhood
lymphoma196 and childhood AML.197 The 
largest series of 44 sibling donor transplants 
was reported from the International Cord 
Blood Transplant Registry.198

Unrelated donor procedures have also been
described in single cases and small case series for
children with acute leukaemia199,200 and in single
cases of adults with AML201 and CML.202–204 Two
large series of unrelated cord-blood transplants
have been described,205,206 each including trans-
plants for both malignant and non-malignant
conditions (Table 73).

The cohort studies using cord blood identified
above do not, of course, represent the total number
of cord-blood procedures performed; patients with
genetic disorders and children with solid tumours
other than those addressed in this review have also
successfully received transplants.

Discussion

Although the first transplantation was performed 
less than a decade ago,186 cord-blood transplant-
ation is already widely regarded as a viable 
clinical procedure of considerable promise 
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and importance. In 1992, the first US pilot 
public blood bank was established at the New 
York Blood Center which today aims to store 
20,000 units of blood (one unit being the blood
collected from one placenta/ umbilical cord). 
In the UK, the National Blood Service/Scot Blood
in conjunction with other organisations have
established, or are in the process of establishing,
five cord-blood banks which aim to have banked
20,000 units of blood in the next 2–3 years for 
both transplantation and research purposes
(Donaldson C, Cord Blood Bank, Bristol: 
personal communication, 1997).

In Europe, a collaborative research project,
Eurocord, which is affiliated to the EBMT, was
initiated in 1995 and currently has 5000 units
banked. Eurocord has a number of aims:

• to standardise the methods of collection, 
testing and cryopreservation of cord blood

• to study the properties of haematopoietic
progenitors present in cord blood including
expansion and gene transfer

• to establish a European depository of cells, 
DNA and serum for study of infectious diseases
and genetic disorders in a series of 20,000 cord-
blood collections performed in different
European countries

• to establish a European registry of patients
treated with cord-blood transplants

• to design prospective protocols comparing 
cord-blood transplantations with transplant-
ations of haematopoietic stem cell from 
other sources.

Although these banking initiatives are already 
well underway, many ethical and logistic consider-
ations concerning the storage and use of cord
blood have yet to be fully examined. Possibly the
most controversial issue is that of ownership and
whether donated blood in a public cord-blood
bank should be available to any suitable recipient
and therefore not guaranteed to be available to 
the donor (child) if required in later life. It is 
also considered necessary to ensure follow-up of
both mother and child to detect any genetic or
infectious disease not detected at birth. However,
experience in Belgium has shown that follow-up
compliance by mothers at 4 months can be low 
and in some banks only just over half of samples
have been fully validated.207 Issues involving
consent concern both the use of cord blood in
clinical procedures and for research purposes;
ideally informed consent should be given by a
mother prior to delivery for both types of use. 
The number of units stored in a public cord-blood

bank must be sufficiently large to ensure a high
chance of finding a match for all patients regard-
less of genetic background, and it is essential that
banked cord blood is donated from a racially
diverse population which reflects the population
that the cord-blood bank is serving. In addition,
little is known about the long-term viability of cyro-
preserved cord blood and therefore no inform-
ation is available about the maximum length of
time donations can be stored.

The cost of establishing and maintaining a cord-
blood bank has yet to be fully established. The
charge for private cord-blood banking in the US is
approximately $1500 for the first year and $95 for
each subsequent year of storage,208 whereas in
Belgium the cost of banking one fully validated 
unit of cord blood is reported to be US$650.207

The overall cost of any bank will depend largely 
on the number of units banked and the length 
of time for which it is determined that blood 
can be stored.

There remain many unanswered clinical questions
concerning the use of cord blood. One of the
potential advantages of this type of transplantation
is the likely decreased level of GVHD. While this
may lower the initial treatment-related toxicity it
could also mean a decrease in the GVL effect,
which may in some diseases increase the relapse
rate. Because of the number of stem cells contained
in a single unit of cord blood, this type of trans-
plant is thought to be most suitable for children. 
Ex vivo expansion of the stem cells is one possible
means of increasing the number of cells available
and potentially of widening the applicability of
cord blood; it also raises the possibility of estab-
lishing colonies of genetically rare stem cell 
lines. This approach, however, is still highly
experimental and the viability of ex vivo expanded
stem cells has yet to be established. Some of these
and other questions of efficacy are likely to be
addressed following a grant of US$30 million, in
April 1997, by the US National Heart Lung and
Blood Institute to seven centres in the USA to
coordinate Phase III trials in cord-blood
transplantation.209

Further research, both laboratory and clinic 
based, is needed to establish what role, if any, cord
blood should play in the treatment of malignancies
and other conditions. If resources are to be used
most effectively it is essential that the efficacy of
cord blood in clinical practice is tested in appro-
priate RCTs and that its use does not become
established on the basis of promising, but
unreliable, observational studies.
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Treatment using HDT/PCT has been under
investigation for more than 30 years and has,

for some diseases, become established as a routine
component of treatment (see EBMT report sum-
mary – appendix 5). Despite the publication of
hundreds of case series and cohort studies involv-
ing thousands of patients, few randomised or
controlled trials have compared the HDT/PCT
approach with standard therapy. Consequently, 
the use of HDT/PCT is guided by little reliable
evidence. As for any potentially toxic and costly
treatment, it is important to determine whether 
or not HDT/ PCT is more effective than standard
therapy, and to establish its associated benefits 
and detriments, as a basis for deciding whether it
should have a role in routine clinical practice. The
purpose of carrying out this systematic review was
to synthesise the available evidence in a number 
of key cancers to establish the current state of
knowledge about HDT/PCT.

Scope of this review

This report reviews the published literature com-
paring HDT/PCT with conventional treatment in a
number of cancer sites. Owing to time constraints,
and as planned in the protocol, no unpublished 
data were reviewed. The literature searches for pro-
spective RCTs and CCTs, on which the review is
based, are complete to June 1997. This means that
many but not all (because of the speed of biblio-
graphic database indexing) of the trials published 
by the end of 1996 will have been included, together
with some more recent publications that have
appeared in high-profile journals that are indexed
quickly by bibliographic databases.

The review has focused on the results of RCTs
owing to the many potential problems and biases
associated with non-RCTs. However for the acute
leukaemias, controlled trials of allogeneic trans-
plantation, using pseudo-random methods of
treatment allocation, have also been considered.
Other published cohort studies are tabulated to
provide additional background information only
and no conclusions are drawn from these.

The disease sites studied were selected on the basis
of previous research activity, current practice and

potential future clinical and economic impact
based on the incidence of each disease.

The end-points reviewed were survival and PFS 
as these were judged to be clinically relevant 
across all disease sites and the most commonly
reported outcomes in individual studies. Although
progression is a potentially subjective and there-
fore ‘softer’ end-point than survival, the time 
alive without evidence of disease is an important
outcome for patients which may have significant
impact on their quality of life. No formal assess-
ment of quality of life as an outcome was made 
as few individual studies reported this information
and because of the difficulties associated with
comparing and summarising such data, 
measured on different scales at different time-
points and in different patient populations, 
across individual studies.

Constraints and caveats

The approach used in this systematic review has 
a number of limitations which must be borne in
mind when interpreting the results. 

As the review is based on the published literature
only, it may suffer from publication bias, whereby
trials with positive results are more likely to be
published than those with negative or inconclusive
results. Thus the published literature may be biased
in favour of HDT/PCT. A number of completed
but as yet unpublished trials have been identified
for which the results were not available to be
included in this review. Since time constraints did
not allow data to be collected from closed, unpub-
lished trials, no formal assessment can be made as
to whether or not publication bias influences the
findings of this review.

Owing to incomplete reporting of trials, the
combined analyses presented here are often based
on only a proportion of even those few patients
entered into prospective trials. Not all publications
presented the required data at one or more of the
time-points studied, and so the trials included in
the combined analyses are not always consistent
over time. In addition, quantitative review was
restricted to fixed time-point analyses which is 
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not the most informative method of summarising
time-to-event data such as survival or PFS. Thus it is
important that the numerical syntheses presented
are interpreted cautiously and used only as a rough
indication of the possible benefits or detriments of
HDT/PCT.

Nonetheless, this report presents a systematic
review which, within the constraints of the
approach, is believed to represent a compre-
hensive and reliable summary of the current
published literature.

ALL

HDT including PCT has a relatively long 
history in the treatment of ALL. An advantage 
of the approach is that it may offer a much 
shorter duration of therapy with approximately 
3 months being required to undergo HDT/PCT
compared with about 2 years for standard
maintenance treatment.

Childhood ALL
At presentation, treatment for paediatric ALL 
with CC is very effective, and consequently most
studies have concentrated on the use of HDT 
with allogeneic transplantation in the consolidation
of second complete remission. Historically, trans-
plantation has used donor grafts, usually from a
sibling when there is a 25% chance of achieving 
a match. Although a great many case series and
cohort studies have been reported, few prospective
trials have addressed the value of allogeneic trans-
plants. No RCTs have been published, nor as far 
as is known are any proposed. This is almost
certainly a result of the difficulties of consent 
when randomising children, especially when this
takes place after identifying a matching donor. 
Two small CCTs in which treatment allocation was
based on donor availability have been published,
one in first remission and the other in second
remission. These accrued 111 and 45 patients,
respectively. Given the very few patients included 
in these studies there is currently no reliable evi-
dence concerning the use of HDT plus allogeneic
transplantation in comparison with conventional
therapy in this situation. Although used widely in
clinical practice, it is not clear from the results of
the CCTs available whether such treatment
improves survival or PFS in children with ALL.

Although this is an area in which it is undoubtedly
difficult to conduct RCTs, it may be possible to
derive useful information from well-designed CCTs.
In future more careful consideration should be

given to study design. Indeed, with more
appropriate analysis (comparing those who did
with those who did not receive a transplant for all
tissue-typed patients), cohort studies such as those
shown in Table 7 could be conducted as CCTs. 
Thus information gathered from the same children
could be used to obtain a more reliable answer to
this important question. The setting up of further
CCTs and participation in the currently on-going
trial should be encouraged.

Until recently the use of autologous transplantation
has been little investigated, although a potential
advantage of this approach is that it may offer a
much shorter duration of therapy. However, given
that the majority of patients do not have an avail-
able donor and that routine practice involves
treatment with conventional therapy, RCTs are
feasible and participation in the two on-going
studies should be supported.

Adult ALL
For adults with ALL, the prognosis is generally 
poor and HDT/PCT has been investigated largely
as consolidation of first remission. Three RCTs of
HDT with autologous transplantation have been
published. In total these three studies accrued 
213 patients. However, the reporting of these 
small trials is incomplete and currently there is
insufficient evidence on which to base firm con-
clusions concerning the use of HDT and autol-
ogous transplantation in adult ALL. Three trials 
of autologous transplantation are on-going.

For similar reasons to those described above for
childhood ALL, RCTs of HDT including allogeneic
transplantation are difficult and no such published
trial was identified. A total of five CCTs, involving 
a total of 462 patients, which compared HDT plus
allogeneic transplantation with CC in adult ALL
have been published. These are incompletely
reported with only one trial presenting information
on survival. Although all trials favour the use of
HDT in terms of PFS, such results must be inter-
preted with caution owing to the potential bias
associated with non-randomised studies. Further
trials involving more patients are required to
confirm or refute the observations to date and
recruitment to the two on-going and future 
RCTs should be supported.

AML

A meta-analysis of individual patient data has
already been completed by the AML Collaborative
Group. This will provide a more reliable assessment
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than this review of the effectiveness of HDT/PCT
in treating AML in first remission. Therefore, the
results presented here should be regarded as an
interim summary to be superseded by the results 
of the AML Collaborative Group project when 
they enter the public domain.

Childhood AML
Paediatric AML carries a poor prognosis and
treatment with CC has yielded disappointing
results. Consequently, the use of HDT/PCT in the
consolidation of first remission has been investi-
gated. For the same reasons as discussed for ALL,
randomised comparisons involving allogeneic
transplantation have been difficult and no such
study was identified. However for paediatric AML
the use of HDT plus autologous BMT has been
compared with CC for the consolidation of first
remission in four published RCTs, which in total
randomised 712 children. Although combined
analyses appear to favour CC, much of the
published data is immature and there is no good
evidence of a difference between the two types of
therapy. Two RCTs are currently on-going and
participation in these trials should be encouraged.

Five published CCTs which compared HDT and
allogeneic transplantation with conventional ther-
apy in total accrued over 1000 children. Reporting
of these trials was incomplete and allowed no firm
conclusions regarding overall survival to be drawn.
Although all trials with allogeneic rescue favoured
HDT/PCT in terms of PFS, these results must be
interpreted cautiously given the potential bias
associated with non-randomised studies. Further
data will be available following the completion of
the four CCTs currently in progress and entry into
these trials should be supported.

Adult AML
In adult patients four RCTs including a total 
of 553 individuals have compared HDT and
autologous transplantation with conventional
therapy in the consolidation of first remission.
Although there was no good evidence of a differ-
ence in survival between the two treatments, there
was some suggestion of a benefit from HDT/PCT
in terms of PFS, with all but one trial favouring this
approach and the combined analyses reaching
conventional levels of significance.

Eleven published CCTs were identified which
compared HDT and allogeneic transplantation
versus conventional therapy in the consolidation 
of first remission. These included almost 
1000 patients. Reporting of trials was incomplete,
with just over half of the publications presenting

survival and/or PFS data. The individual trials
yielded inconclusive and conflicting results for
survival. Although the combined analyses appear 
to suggest a survival benefit of HDT/PCT at 4 years,
this is driven largely by the results of a single study
for which the results are extreme. Without this trial,
there is no evidence of a significant difference in
survival between the two treatments. For PFS there
is some evidence of a benefit from HDT/PCT and
combined analyses reach conventional levels 
of significance.

Although the published results may appear
promising, no firm conclusions can be drawn on
the role of HDT/PCT in the treatment of adult
AML. Further work is required to determine
whether or not HDT with either autologous or
allogeneic support is more effective than
conventional therapy in the treatment of first
remission adult AML. The meta-analysis of
individual patient data will be important in this
respect. However, it will not answer all questions
and recruitment into the three on-going
prospective trials should be encouraged.

CML

Owing to poor prognosis, lack of effective
conventional therapies, and a perceived benefit 
of HDT/PCT from case series and cohort studies,
HDT including allogeneic transplantation is widely
regarded as standard therapy for younger CML
patients. There has been a reluctance to conduct
prospective trials and no published RCTs or CCTs
were identified. In the absence of such trials the
magnitude of any potential benefit or risk asso-
ciated with HDT and allogeneic transplantation
cannot be reliably determined.

For patients without a suitable donor who are 
fit to tolerate HDT, autologous transplantation may
be a viable option for prolongation of the chronic
phase. Two large RCTs investigating HDT with
autologous support are in progress which between
them plan to accrue 1550 patients. Recruitment to
these trials should be supported.

CLL

As CLL is largely a disease of the elderly, 
HDT/PCT is unlikely to be widely used in routine
management and any potential future use is likely
to be restricted to the small proportion of young
patients. Although HDT with PCT has been shown
to be feasible, it remains an experimental
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procedure which currently plays no role in routine
clinical practice. If, in future, HDT/PCT is to be
considered as a potential treatment option, then
further research is required including appropriate
prospective evaluation in RCTs comparing the
approach with best standard therapy.

Non-Hodgkin’s lymphoma

HDT/PCT is widely used as a component of
standard salvage therapy for relapsed or refractory
intermediate- or high-grade NHL. Although there
is little reliable evidence supporting its use in this
context, in the absence of further randomised trials
the use of HDT/PCT as salvage therapy is likely to
remain a standard approach.

Reports on seven RCTs have been published. 
These trials involved patients with intermediate-
and high-grade NHL at various stages of relapse
and remission, the results of which are immature
and often conflicting. In total these trials have
included over 1000 patients. However, they have
spanned treatment ranging from first-line therapy
to salvage therapy and have included a number of
clinically distinct types of disease. Numbers within
each of the different categories were limited.
Consequently it is not possible to draw any firm
conclusions regarding the efficacy of HDT/PCT 
in treating NHL.

Several RCTs are currently in progress and should
be completed within the next few years. These 
will add significantly to the current evidence and
enable a more reliable assessment of whether 
or not HDT/PCT confers improved survival in
aggressive NHL. Participation in such trials 
should be encouraged.

There is very little evidence available concerning
the role of HDT/PCT in treating the more
indolent low-grade NHLs. One RCT has closed
recently owing to poor accrual and several others
are on-going. Participation in such RCTs should 
be encouraged.

Hodgkin’s disease

On the basis of the results of single institution and
registry data, HDT/PCT is commonly used as part
of standard second-line treatment for HD. There is,
however, very little reliable evidence to support this
policy. Only one RCT has been published, which
with 40 patients randomised is much too small to
allow any firm conclusions to be drawn or

treatment recommendations to be made. Three 
on-going RCTs, two in poor-risk first remission and
one in the salvage setting have been identified.
Participation in these and the setting up of further
RCTs should be encouraged. As young adults form
a large proportion of HD patients it is particularly
important that future trials address the issue of
long-term toxicity.

Multiple myeloma

Although HDT with autologous transplantation 
is increasingly used as a component of manage-
ment for younger patients, there is still little
evidence from randomised trials concerning 
its role in treating multiple myeloma. Only two
published RCTs have been identified, which 
with a total of 357 patients randomised are too
small to allow firm or reliable conclusions to 
be drawn, despite potentially encouraging
preliminary results. If HDT with autologous
transplantation is to be considered as a widely
applicable therapeutic option for multiple
myeloma then it is important that further 
RCTs are undertaken. Two such trials are 
in progress to address the issue.

Solid tumours

Few trials have investigated the use of HDT/
PCT in treating solid tumours and until recently
the intervention was used rarely. There is now,
however, an increasing trend towards the use 
of HDT/PCT, especially against breast cancer,
which is now the most common condition for
which HDT/PCT is used in the USA. Clearly it 
is important that appropriate research is con-
ducted to establish whether or not HDT/PCT 
has a role in treating solid tumours. If the use 
of HDT/PCT to treat common solid tumours
became widespread, it could potentially have
considerable resource implications. It should,
however, be appreciated that many patients are
likely to be considered too old or to have disease 
too advanced to undergo HDT/PCT, thus
restricting the potential number 
of procedures.

Only one RCT has been reported in germ-cell
tumours and this found no evidence of a differ-
ence in outcome between HDT/PCT and standard
therapy. Similar conclusions were reached for 
one small published trial in SCLC. No reliable
evidence exists concerning the use of HDT/PCT 
in ovarian cancer, although two RCTs are now 
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on-going. For breast cancer, three RCTs 
including less than 200 women in total have 
been published and these have conflicting 
results. There is therefore currently insufficient
evidence to conclude whether or not HDT/PCT 
is of benefit in treating any of the solid 
tumours investigated.

Further research must be a priority and enrolment
of patients into RCTs should be encouraged. In
breast cancer a number of RCTs are in progress
which, if target accruals are met, will result in over
4500 randomisations and should allow a reliable
assessment of the value of HDT/PCT in both the
adjuvant and advanced settings. Somewhat fewer
on-going RCTs have been identified for the other
solid tumours reviewed. If HDT/PCT is to be con-
sidered as a treatment option for these tumours,
the setting up and completion of RCTs must be 
a priority.

Cost of HDT with BMT or PBPCT

HDT/PCT is easily perceived as an expensive
intervention owing to the initial cost of harvesting
progenitor cells and the need to provide intensive
medical support in specialist facilities. However, 
the true cost of HDT/PCT must be considered in
relation both to the long-term consequences of
treatment and the cost of treating similar patient
populations with conventional therapy.

Given that the main conclusions of this review 
are that the role of HDT/PCT in treating most
cancers remains uncertain, and that further
research is required to obtain reliable estimates 
of clinical effectiveness, the cost-effectiveness
analyses presented here should be regarded as
preliminary. This review has therefore concen-
trated on presenting reported comparisons of the
cost of treatment (together with some subsequent
therapy). However, there are problems with even
these comparisons because most studies of cost 
are both retrospective and based on very small
numbers of patients. Ideally, studies would be 
based on long-term cost data collected prospec-
tively for sufficiently large and comparable 
groups of individuals treated with HDT/PCT 
or conventional therapy.

The limited and potentially flawed published 
data available suggests that transplantation costs
1–5 times more than conventional therapy
(including maintenance therapy). Comparisons 
of PBPCT and BMT suggest that PBPCT is 
less expensive.

Use of cord blood
The use of stem cells derived from the umbilical
cord following birth is a relatively new and still
experimental procedure. A potential advantage 
of the approach is thought to be the reduced 
risk of GVHD and the use of cord blood also
removes the cost and inconvenience of 
harvesting and transporting marrow from 
an unrelated donor.

However, there are many unresolved ethical and
practical concerns including ownership, consent,
use for experimental as well as clinical purposes,
ensuring notification of subsequently detected
inherited disease, and the need to establish 
donor banks of sufficient size to give a reasonable
chance of obtaining a match for those ethnic
groups represented in the population served. 
At present it is unclear how long cord blood 
may be safely stored and use has largely been
restricted to children because it is generally
thought that there are insufficient stem cells 
in a sample of cord blood to support
haematopoiesis in an adult.

A number of public cord-blood banks have been 
or are in the process of being set up, including five
in the UK which together ultimately aim to store
20,000 cord-blood samples. Given that the use of
cord blood is currently rare and its therapeutic
effect not clear, such banks should be considered
experimental and it is essential that the role of
cord-blood transplantation is properly evaluated 
in well-designed prospective studies, preferably
RCTs, before such facilities are expanded or cord
blood is introduced into clinical practice on an 
ad hoc basis.

Long-term toxicity

Although the use of HDT/PCT has been associated
with a number of long-term toxicities, including
secondary cancers, infertility and lymphocyte
function disorders, there is little comparative data
on the incidence of such complications in relation
to similar patient populations treated with conven-
tional therapy. Therefore it is unclear to what
extent these problems are attributable to HDT/
PCT. Long-term follow-up of patients enrolled in
RCTs is therefore essential if the question of long-
term toxicity is to be addressed adequately. Given
that a large proportion of individuals treated with
HDT/PCT are likely to be in the younger age
groups, this should be given a high priority in 
trial design.
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Conclusions
For all disease sites considered, there is little
evidence from randomised studies concerning 
the effectiveness of HDT/PCT in improving 
either overall survival or PFS. Reporting of trials
has been incomplete and of inconsistent quality,
thereby hindering both qualitative and quantitative
synthesis. Trials have generally been too small to
detect moderate survival benefits reliably and indi-
vidual publications reporting trials with significant
results, positive or negative, must therefore be
interpreted cautiously. In light of the constraints 
of the approach and the data available, quantitative
syntheses and combined results presented in this
report must also be viewed with caution. On the
basis of current published information it is not
possible to draw firm conclusions on the role of
HDT/PCT in treating any of the malignancies
investigated. Although many economic studies 
have been undertaken, published cost-effectiveness
analyses are immature and even the relative costs of
HDT/PCT compared with standard treatment are
unclear. There also remain important unanswered
questions concerning long-term toxicity, and newer
techniques and approaches involving purging and
the use of cord blood are currently experimental.
Further research is undoubtedly required to estab-
lish the role of the HDT/PCT approach both for
allogeneic and autologous transplantation in the
treatment of cancer.

General implications for research

Given the paucity of reliable evidence concerning
the use of HDT/PCT, the most important impli-
cation for future research is that further evidence
from randomised studies is required. New trials
must be designed to include sufficient numbers 
of patients to detect reliably moderate differences
in treat-ment effect. For the rarer malignancies 
this will undoubtedly require international collabo-
ration. In circumstances such as HDT with allo-
geneic transplantation in leukaemia, where RCTs

are unlikely to be possible, it is important that CCTs 
are appropriately designed and analysed to ensure
that like is compared with like. Where allocation is
based on donor availability, the appropriate com-
parison is of those who received a transplant with
those who did not for all tissue-typed patients. As
HDT/PCT is often used to treat young patients 
it is important that appropriate comparisons of
long-term toxicity and morbidity are undertaken. 
Ideally this should be done as long-term follow-up
on RCTs. Similarly, there is currently little reliable
information concerning the costs and cost-
effectiveness of HDT/PCT. Given the real or
perceived financial burden associated with the
widespread use of HDT/PCT it is important that
appropriate prospective economic evaluations 
are undertaken.

General implications for practice

As the potential applications for HDT/PCT widen,
it should be appreciated that not all patients are
likely to be suitable for such therapy, and for those
considered too old or physically unable to tolerate
such intensive therapy, conventional interventions
are likely to remain the mainstay of treatment.

It is of course impossible to generalise on the
current or future role of HDT/PCT across the
diverse diseases considered in this report. It is clear
that, for historical reasons, HDT/PCT has become
established as routine treatment in certain diseases
for which conventional therapy offers very little
hope of cure (see EBMT survey results, appendix
5). Whilst it is to be hoped that further RCTs will 
be conducted to establish whether or not this
approach is justified, it is clear that in some circum-
stances the conduct of trials may be difficult. It is
important that the same gradual acceptance of
HDT/PCT into routine practice by default does 
not occur for other cancers where currently the
approach is experimental. In such circumstances,
routine practice should be to consider entering 
all patients into on-going RCTs.
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Introduction
The principal dose-limiting effect of most
chemotherapy agents is bone marrow suppression.
In order to circumvent this and allow administration
of higher, potentially more effective doses, several
strategies are available. All provide a means of
reconstituting the bone marrow after treatment 
with cells that have not been exposed to the chemo-
therapeutic agents. Reconstitution may be from
harvested bone marrow or peripheral blood pro-
genitors (‘stem-cells’). Autologous rescue employs a
patient’s own progenitors whilst allogeneic trans-
plantation involves the use of progenitors derived
from a different person. Allogeneic transplantation
may have a therapeutic effect beyond that of the
cytotoxic drugs in that the transplanted cells may
exert an immunologic effect upon the malignancy,
but the main principle underlying high-dose therapy
(HDT) is that more intensive treatment should yield
better results by killing more malignant cells.

Initially, HDT was restricted to ‘salvage’ treatment
of patients in whom conventional treatment failed
to eradicate disease. However, with the advent of
improved supportive measures, particularly the 
use of peripheral blood progenitor cell rescue, 
the toxicity and mortality from high-dose treatment
has fallen substantially. This in turn has led to a
widening of its use.

HDT with autologous stem-cell transplantation 
is now becoming widely applied to allow dose
intensification. Until recently, its use was confined
to haematological malignancies, but in the last 
5 years there has been a marked increase in use 
for solid tumours. This is particularly true of breast
cancer, which is now the commonest setting for 
this form of treatment in the USA.

Sibling allogeneic transplantation is a well
established treatment and is regularly used for 
the management of haematopoietic malignancies.
Transplantations with progenitor cells from un-
related donors, however, are associated with a 
high mortality and morbidity and to date their 
use is largely experimental.

An increased understanding of the mechanism 
and control of graft versus host disease is necessary

before the treatment could be used routinely to
treat some of the many potential recipients for
whom a sibling allograft is unavailable.

As the indications for HDT broaden and new
technologies which may improve the effectiveness
of the treatment are developed, so the numbers of
patients treated increase. Despite several thousand
papers and abstracts reporting on the results of
transplant series there is still great uncertainty as to
the true effectiveness of this treatment modality. 

It is therefore both necessary and timely to
undertake a systematic review to evaluate the
evidence currently available in the literature
concerning the use of HDT. This review therefore
aims to identify all relevant published studies of
HDT. The methods described in this protocol will
be used to appraise systematically the available
evidence and to provide an objective and reliable
summary of that evidence.

The best evidence of the effectiveness of any 
healthcare intervention comes from the results 
of well-conducted randomised controlled trials
(RCTs). The potential biases associated with non-
randomised studies are well known. For this reason,
although this review will identify all studies, it will
place most emphasis on the results of RCTs. Where
possible the results of RCTs will be combined
quantitatively, as will those of controlled clinical
trials (CCTs). Where insufficient randomised/
controlled data is available, other comparative
studies will be summarised and appraised quali-
tatively. The decision as to whether other compar-
ative studies will be appraised will be taken when
the number of RCTs and CCTs, the total number 
of patients entered and the number of events are
known, but before any analysis of data has been
performed. No summation of data from non-
RCTs/CCTs will be performed.

Aims

The purpose of this review is to identify all studies
investigating the effectiveness, in terms of survival
and/or progression-free survival, of HDT com-
bined with progenitor cell transplantation. The
literature will be assessed in several key areas, both

Appendix 1

Systematic review protocol
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to synthesise current evidence for the use of HDT
and to identify research questions to be addressed
in the future.

The review will concentrate on malignancies which
were identified as diseases in which a large
proportion of the current transplants are
performed. For completeness a literature search
for randomised and controlled clinical trials will be
carried out to identify any area in which a large
number of Phase III trials into the efficacy of BMT
may have been carried out. If such an area exists, it
will be included in the review.

Primary questions to be addressed
1. Does HDT improve survival/progression- 

free survival when compared to conventional
therapy in
– breast cancer 
– acute and chronic leukaemia
– malignant lymphoma
– multiple myeloma
– ovarian cancer 
– testicular cancer

2. What evidence is there concerning the cost-
effectiveness of HDT? 

3. What evidence is there comparing the long
term toxicities of HDT with those of
conventional chemotherapy?

4. What evidence is there concerning the use of
cord-blood transplantation?

Additional questions to be addressed
1. What randomised evidence is there comparing

peripheral stem-cell with autologous bone
marrow transplantation?

2. What randomised evidence is there comparing
purged and unpurged transplantation?

Methods

Literature search strategy
All papers indexed on the bibliographic databases
listed below up to and including 1 November 1996
will be searched using the Knight-Ridder Probase
software. An updated search will be performed to
identify RCTs and CCTs that appear on the
databases up to and including 31 January 1997.

• Medline
• Embase
• CancerLit
• Science Citation Index
• Biosis
• The Cochrane Controlled Trials Register
• NHS Economic Evaluation Database

Given the emphasis that will be placed on the
results of RCTs, trial registers will be searched for
both ongoing and closed trials which may remain
unpublished. The following registers will be
searched up to and including 31 January 1997.

• PDQ (Open Trials)
• PDQ (Closed Trials)
• UKCCCR Trials Register
• Center Watch Clinical Trials Listings

References obtained from various sources will be
managed using the Procite bibliographic package. 

The results of all literature searches will be archived
to floppy disk.

Handsearching
The following journals were listed by the clinical
coordinators as those thought likely to include
relevant publications: Acta Hematologia, American
Journal of Hematology, American Journal of Medicine,
Annals of Haematology, Annals of Internal Medicine,
Annals of Oncology, Blood, Blood Cells Molecules and
Disease, Molecules and Diseases, Bone Marrow
Transplantation, British Journal of Cancer, British
Journal of Haematology, British Medical Journal, Cancer,
Cancer Research, European Journal of Cancer, European
Journal of Hematology, Experimental Hematology,
Hematological Oncology, Journal of Clinical
Investigation, Journal of Hematotherapy, Journal of the
National Cancer Institute, Journal of Clinical Oncology,
Journal of the American Medical Association, Lancet,
Leukemia, Leukemia and Lymphoma, New England
Journal of Medicine, Seminars in Hematology, Seminars
in Oncology, Transplantation. 

However, all of these journals are indexed on one
or more of the electronic databases being searched
and although it is recognised that bibliographic
tagging and indexing is not always comprehensive,
no handsearching of journals will be performed.

Conference proceedings
Given the importance placed on the results of
controlled trials, the following conference
proceedings will be handsearched for RCTs and
CCTs for the last 10 years.

• European Haematology Association
• European Bone Marrow Transplantation Group
• American Society of Haematology
• International Society of Experimental

Haematology

The following proceedings were also thought likely
to include relevant abstracts; however, these are
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indexed on CancerLit so no handsearching will 
be performed.

• American Society of Clinical Oncology

Classification of studies
Each identified study will be classified by design
according to the following list. The classification
will determine the nature of data synthesis
performed on the study.

1. Prospective randomised controlled trials (RCTs)
2. Well-designed controlled trials with pseudo-

randomisation e.g. transplantation given 
to all patients who have a matched sibling
donor (CCTs)

3. Prospective cohort studies with 
concurrent controls
Prospective cohort studies with matched data
from a national/international registry source
Prospective cohort studies with historical
controls 

4. Retrospective cohort studies with 
concurrent controls
Retrospective cohort studies with matched 
data from a national/international registry
Retrospective cohort studies with 
historical controls 

5. Case series with no matched data (no data 
from case studies will be included in the
systematic review)

Inclusion criteria
1. Studies investigating the efficacy of HDT
All studies will be included if the following criteria
are fulfilled:
• the authors state that HDT was administered and

the patients received progenitor cell transplants
• the study is investigating, in terms of survival

and/or progression-free survival, the
effectiveness of HDT

• the study is not a case series.

2. Studies investigating cost-effectiveness
• All articles where the authors state they are

investigating the cost-effectiveness of HDT 
and progenitor cell transplantation.

• All papers where the cost of administering HDT
and progenitor cell transplantation in the UK is
calculated will be listed, together with the price
of treatment.

3. Studies investigating the use of cord-
blood transplantation
• All publications where the authors state they

have used cord blood as a source of progenitor
cells for use in conjunction with HDT.

Assessing eligibility
Titles and abstracts identified by the search
strategies (see appendix I) will be assessed for
relevance by two reviewers. Copies of all potentially
relevant papers will be obtained and rechecked to
ensure they fulfil the eligibility criteria. A list of all
papers identified by the search strategies, but
judged not relevant/ineligible, will be kept.

Data extraction
Two reviewers (one clinical, one non-clinical) will
independently classify each study (according to the
criteria above) and extract data using the appro-
priate data extraction sheets (appendix II). Any
discrepancies between the classification and data
extraction sheets will be discussed and if not agreed
upon, the opinion of a third investigator will be
sought. All original data extraction sheets will be
kept on file.

When it is known that a study has generated
multiple publications, the most recent (i.e. that
with the most mature data) will be used for data
extraction; all previous publications will be cata-
logued and cross referenced. However, if a second
publication reports on a different outcome, e.g.
health economics, data will be taken from both
papers. It should be noted that it is not always clear
when multiple publications relate to the same
study, and that this could result in dual reporting 
of some data. Every effort will be made to ensure
that no duplication of RCTs or CCTs occurs.

Methods of analysis
The main conclusions of the systematic review 
will be based on the results of RCTs/CCTs for all
disease sites. If little evidence from RCTs/CCTs is
available, then additional information from other
cohort studies will be presented; this will be quali-
tative and no data synthesis will be performed. 
The decision as to when this additional information
is extracted will be made once the number and
nature of the eligible studies for each disease site
are known, but before any summation of data 
has been performed. This will take account of 
the amount of information available and 
resource implications.

• All eligible RCTs/CCTs will be summarised 
in tabular format, grouped by disease site and
where possible data from these trials will be com-
bined (see statistical analysis section). During
preliminary research it has come to our attention
that an individual patient data (IPD) meta-
analysis of ABMT vs. chemotherapy vs. no further
treatment in the treatment of AML has been
conducted by the AML Collaborative Group, 
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the results of which are due to be published in
the autumn of 1997. 

• Such IPD meta-analyses are the gold standard 
of systematic reviews and hence any conclusions
that arise from the summation of data taken
from the literature in this review would be
rapidly superseded by those of the AML
Collaborative Group. Therefore, although the
results of RCT/CCTs in AML will be tabulated, 
no summation of data will be performed.

• For disease sites where it is judged that little
randomised evidence exists, additional tables 
will be produced summarising the main points 
of all other eligible studies. No quantitative data
synthesis will be performed and information will
be presented separately from the RCTs/CCTs.

• For disease sites where it is judged that sufficient
evidence from RCTs and CCTs exists, no data
extraction from other studies will be performed.
However, all other eligible trials will be listed
indicating the number of patients treated 
with HDT.

Tables will also be used to summarise the findings
of publications investigating the cost effectiveness
of HDT and the use of cord-blood transplantations.

Statistical analysis
For RCTs and CCTs only the data will be com-
bined, if possible, in a series of meta-analyses by
disease site on the end-points of survival and
disease-free survival.

Where log rank statistics are presented these will 
be used to calculate hazard ratios for each trial.
Otherwise the numbers of events at a series of time-
points will be taken from the text or estimated from
survival curves. These will be used to calculate the
observed and expected number of events and
variance at each of those time points and then com-
bined to provide estimates of overall hazard ratios
for each trial. In such cases the numbers of events
will be adjusted to account for censoring. Pooled
hazard ratios will be calculated for each disease site
by combining the log rank or estimated O – E and
variances for each trial according to the fixed effect
model. Results of RCTs and CCTs will be presented
separately. Chi-square tests for heterogeneity will be
performed and if there is no evidence of gross
statistical heterogeneity between the results of RCTs
and CCTs, combined results will also be presented.

Results will be presented as a series of standard
hazard ratio plots, giving the hazard ratio and
confidence intervals (95% and 99%) for each trial
as well as the combined hazard ratio and 95%
confidence interval.

Appendix I [of protocol]:
search strategies
Lymphoma, myeloma, breast, ovarian
and testicular cancer
The search strategies are designed to be inclusive
to ensure the review is comprehensive. The
searches are designed in two sections.

1. A search common to all disease sites which
extracts studies concerned with HDT and
progenitor cell transplantation

2. A disease specific search

For each disease site, the results of these two
searches will be combined to extract studies which
appeared in both strategies. This approach will
ensure that all papers reporting on the efficacy,
cost-effectiveness and long-term side-effects of
progenitor cell transplants are identified.

Leukaemia 
A preliminary search for leukaemia, using the 
same general strategy as above, yielded in excess 
of 10,000 references from Medline alone; a number
of references which is not feasible to appraise in
the time available. In order to reduce the number
of titles identified to a manageable level we have
modified the search to be more specific, as
outlined below.

A leukaemia specific search was prepared and
combined with the bone marrow transplant strategy
(as in 1 and 2 above). This was then combined with
the search strategy developed by the Cochrane
Collaboration to identify controlled trials. A review
of the titles discarded by this approach highlighted
the fact that potentially relevant publications
(other than those reporting on RCTs and CCTs)
may be discarded.

In an attempt to ensure that all relevant articles are
extracted, the following strategies will be run on
the articles previously removed.

For papers with abstracts
• For all papers, those classified by the MeSH

heading as ‘case studies’ were removed.
• Letters, comments and editorials and reviews

were removed.
• Papers were removed that did not have one of

the following:
– cost and cost analysis as a MeSH heading
– financ$ 
– econom$
– surviv$
– cost$
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– event in the same sentence as free
– disease in the same sentence as free
– progression in the same sentence as free
– leukaemia in the same sentence as free.

This strategy is designed to reselect papers
reporting on disease/progression and leukaemia
free survival, the cost-effectiveness of HDT and
long-term toxic effects.

It is possible that by including the above 
restrictions on the leukaemia subset some studies
may have been discarded. Papers excluded during
the more specific leukaemia search will 
be documented.

Details of search strategies
Listed below are the search strategies designed for
use on Medline. The searches will be modified for
use with other databases.

Key to search strategies
.de. the term used is a MeSH heading
# MeSH heading was exploded (i.e. all

subheadings were included in the search)
$ any character or string of characters
adj words adjacent
with words appear in same sentence
pt publication type

Progenitor cell transplantation search
1. hematopoietic-stem-cells#.de.
2. bone-marrow-transplantation#.de.
3. hematopoietic-stem-cell-transplantation#.de.
4. transplantation-homologous.de.
5. transplantation-autologous#.de.
6. salvage-therapy#.de.
7. (marrow with transplant$).ti,ab.
8. (stem$ with transplant$).ti,ab.
9. high adj dose adj therapy.ti,ab.
10. autograft.ti,ab.
11. autologous adj transplant$.ti,ab.
12. allogeneic adj transplant$.ti,ab.
13. allograft.ti,ab.
14. myeloablative.ti,ab.
15. hematopoietic adj stem adj cells
16. bone-marrow-purging#.de.
17. hematopoietic adj stem adj cell
18. cord adj blood.ti,ab.
19. fetal-blood.de.
20. animal
21. human
22. 20 not (21 and 20)
23. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or

11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or
19

24. 23 not 22

Breast
1. breast-neoplasms#.de.
2. cancer
3. neoplasms#.de.
4. carcinoma
5. breast
6. 2 with 5
7. 3 and 5
8. 4 with 5
9. 1 or 6 or 7 or 8
10. surgical-flaps.de.
11. reconstruction.ti,ab.
12. 10 or 11
13. 9 not 12

The above search will identify papers which have
one of the following:
Breast neoplasm (MeSH term) 
‘breast’ and ‘cancer’ in the same sentence 
‘breast’ and ‘carcinoma” in the same sentence
Neoplasm as a MeSH heading with ‘breast’ in 
the reference.

It will remove papers which have one of 
the following:
‘reconstruction’ in the title
‘Surgical flaps’ as a MeSH heading.

Ovarian
1. Ovarian-Neoplasms#.
2. ovar$
3. Neoplasms#.de.
4. cancer
5. carcinoma
6. 2 and 3
7. 2 with 4
8. 2 with 5
9. 1 or 6 or 7 or 8

The above search will identify papers which 
have one of the following:
Ovarian neoplasm as a MeSH heading
Neoplasm as a MeSH heading with ovar$ in 
the reference
‘cancer’ and ‘ovar$’ in the same sentence
‘Carcinoma’ and ‘ovar$’ in the same sentence.

Testicular
1. testicular-neoplasms#.de.
2. neoplasms#.de.
3. cancer
4. testi$
5. germ adj cell
6. nsgct
7. teratoma
8. germinal
9. seminoma
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10. testes
11. germinoma
12. 2 and 4
13. 2 and 5
14. 2 and 8
15. 2 and 10
16. 3 with 4
17. 3 with 5
18. 3 with 8
19. 3 with 10
20. carcinoma
21. 20 with 4
22. 20 with 5
23. 20 with 8
24. 20 with 10
25. 1 or 6 or 9 or 11 or 12 or 13 or 14 or 15 or 16 

or 17 or 18 or 19 or 21 or 22 or 23 or 24

The above search will identify papers which have
one of the following:
testicular neoplasm as a MeSH heading
‘teratoma’ in the reference
‘seminoma’ in the reference
‘germinoma’ in the reference
NSGCT in the reference
Neoplasm as a MeSH heading with testi$ or germ
cell or testes or germinal in the reference
‘carcinoma’ and ‘testi$’ in the same sentence
‘carcinoma’ and ‘germ cell’ in the same sentence
‘carcinoma’ and ‘testes’ in the same sentence
‘carcinoma’ and ‘germinal’ in the same sentence
‘cancer’ and ‘testi$’ in the same sentence
‘cancer’ and ‘germ cell’ in the same sentence
‘cancer’ and ‘testes’ in the same sentence
‘cancer’ and ‘germinal’ in the same sentence.

Lymphoma
1. Lymphoma#.de.
2. burkitt$
3. lymphoma
4. hodgkin$
5. NHL
6. HD
7. 1 or 2 or 3 or 4 or 5 or 6

Myeloma
1. myeloma
2. Multiple-Myeloma.de.
3. myelomatosis
4. 1 or 2 or 3

Leukaemia
1. hematopoietic-stem-cells#.de.
2. bone-marrow-transplantation#.de.
3. hematopoietic-stem-cell-transplantation#.de.
4. transplantation-homologous#.de.
5. transplantation-autologous#.de.

6. salvage-therapy#.de.
7. (marrow with transplant$).ti,ab.
8. (stem$ with transplant$).ti,ab.
9. high adj dose adj therapy.ti,ab.
10. autograft.ti,ab.
11. autologous adj transplant$.ti,ab.
12. allogeneic adj transplant$.ti,ab.
13. allograft.ti,ab.
14. myeloablative.ti,ab.
15. hematopoietic adj stem adj cells
16. bone-marrow-purging#.de.
17. hematopoietic adj stem adj cell
18. animal.de.
19. human.de.
20. 18 not (18 and 19)
21. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 

11 or 12 or 13 or 14 or 15 or 16 or 17
22. 21 not 20
23. leukemia#.de.
24. leukemia
25. aml
26. all
27. cml
28. cgl
29. cll
30. feline or cat
31. bovine
32. mouse
33. 30 or 31 or 32
34. 23 or 24 or 25 or 26 or 27 or 28 or 29
35. 34 not 33
36. pt=randomized-controlled-trial
37. randomized adj controlled adj trials.de.
38. random adj allocation.de.
39. double adj blind adj method.de.
40. single adj blind adj method.de.
41. 36 or 37 or 38 or 39 or 40
42. pt=clinical-trial
43. clinical-trials#.de.
44. (clin$ with trial$).ab,ti.
45. ((singl$ or doub$ or treb$ or trip$) adj 

(blind$ or mask$)).ab,ti.
46. placebos.de.
47. placebo$.ab,ti.
48. random.ab,ti.
49. research adj design.de.
50. 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49
51. comparative adj study.de.
52. evaluation-studies#.de.
53. follow-up-studies.de.
54. prospective-studies.de.
55. (control$ or prospectiv$ or volunteer$).ti,ab.
56. 50 or 51 or 52 or 53 or 54 or 55
57. 41 or 50 or 56
58. 22 and 35
59. 57 and 58
60. 58 not 59
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61. 60 ab = y
62. (event with free).ti,ab.
63. (disease with free).ti,ab.
64. (progress$ with free).ti,ab.
65. (leukemia with free).ti,ab.
66. financ$.ti,ab.
67. surviv$.ti,ab.
68. cost$.ti,ab.
69. survival-analysis#.de.
70. costs-and-cost-analysis#.de.
71. econom$.ti,ab.
72. 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 

or 70 or 71
73. 61 and 72
74. 60 not 61
75. 73 or 74
76. 59 or 75
77. case-report.de.
78. pt=comment or pt=editorial or pt=guideline 

or pt=letter
79. 77 or 78
80. 76 not 79
81. review.pt.
82. 80 not 81

Appendix II [of protocol]:
data extraction sheets
The data extraction sheets for clinical studies re-
lating to survival have been designed in several parts.

Part 1 Introductory sheets common to all 
papers including information such 
as the title, authors, topic of the paper/
abstract and specific information 
about the study.

Part 2a For papers investigating the efficacy 
of HDT
Sheets for specific information about 
the study, patient characteristic and 
study results. 

Part 2b For papers investigating the cost-
effectiveness of HDT
Sheets for specific information about the 
methods and results of the study.

Part 3 A conclusion/discussion sheet common 
to all papers.

Key to data extraction study
classification codes
RCT Prospective randomised clinical trials
CCT Well-designed controlled trials with 

pseudo-randomisation e.g. transplantation 
will be given to all patients who have a 
matched sibling donor

PHII Well-designed prospective Phase II trial, 
no randomisation

PC Prospective cohort studies with concurrent 
controls from same centre

PR Prospective cohort studies with matched 
data from a national/international 
registry source

PH Prospective cohort studies with historical 
controls from same centre

RC Retrospective cohort studies with 
concurrent controls from same centre

RR Retrospective cohort studies with matched 
data from a registry

RH Retrospective cohort studies with 
‘historical controls’

Definitions of status at 
high-dose therapy
First-line treatment HDT given as the initial

therapy, no prior chemo-
therapy is given.

First remission Patient received HDT after 
conventional dose remission
induction therapy and achieves
either a complete or partial
remission.

Sensitive relapse Objective response to second
line conventional dose therapy,
including second CR or PR.

Resistant relapse Patient receives an initial
response and then subse-
quently relapses. Further con-
ventional dose salvage therapy
is given but the patient has 
no response.

Untreated relapse Patient proceeds immediately
to HDT with no conventional
dose salvage therapy to test
responsiveness.

Primary refractive Patient fails to achieve an
objective response to their
initial or disease second or
third line conventional 
dose chemotherapy.



Appendix 1

162

Title:

Authors:

Source:

Country:

English   Other Language (specify): _____________________

Summary of question being addressed:

Economic evaluation Yes No Q of L assessment Yes No 

RCT Single centre Multi centre

CCT

PHII Patient entry dates:

PC

PR RCT/CCT - Method of randomisation:

PH Phone Envelope

RC DOB Availability of a sibling

RR Other - specify _____________________________________

RH For non-randomised studies - was patient entry:

Sequential 

Determined by guidelines

No mention

Point of randomisation:

Data extraction sheet - Efficacy papers

Reference number Database number Trial Group Trial Code

Details of publication

Study design

Leukemia Lymphoma Testicular Ovarian

Acute myeloid HD Seminoma Breast

Acute lymphoblastic NHL Non seminoma Myeloma

Chronic myeloid

Chronic lymphocytic

Any further sub - class ? Major eligibility criteria -

Eligibility criteria
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Allogeneic Autologous Both

Bone marrow Stem cells Both

Cord blood

Transplant purged Yes No Both 

If mixed

Details of HDT  (tick all that apply) Yes Num %

Chemotherapy only

Chemotherapy and TBI

Chemotherapy and targeted radiotherapy

High Dose Therapy

HDT Conv chemo 3rd arm

No of patients 

% eligible

% starting therapy

HDT Conv chemo 3rd arm

Male:female 

Median age

Age range

Were the arms of the trial study balanced in terms of prognostic factors? Yes No ? 

Was the trial stratified? Yes No ? 

If yes, by what:     ______________________________________________________________________

Status at High Dose Therapy If mixed

(Tick all that apply) 

Yes Num %

First line treatment

First remission (CR or PR)

Sensitive relapse

Resistant relapse

Untreated relapse

Primary refractory disease

Adjuvant Other (specify)

Baseline characteristics
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Intention to treat analysis Yes No ? 

Median follow up (months) Min Max

Results

Hazard Ratio 95% / 99% CI

Odds Ratio 95% / 99% CI

O-E

V

χ2 Value

p - value

HDT Conv chemo 3rd arm

% survival at 6 months

% survival at 1 year

% survival at 2 years

% survival at 5 years

Median survival (CI)       

Was a subgroup analysis performed? Yes  No 

Results of subgroup analysis:

Other significant results:

Survival



Hazard Ratio 95% / 99% CI

Odds Ratio 95% / 99% CI

O-E

V

χ2 Value

p - value

HDT Conv chemo 3rd arm

% survival at 6 months

% survival at 1 year

% survival at 2 years

% survival at 5 years

Median progression-free survival (CI)   

Was a subgroup analysis performed? Yes   No    

Results of subgroup analysis:

Other significant results:
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Progression free survival

Treatment related

HDT Conv chemo 3rd arm

No of early deaths ≤90 days

No of late deaths ≥90 days

Time not specified

Details of haemapoetic recovery given Yes No  ?   

Toxicity
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General

Comments on further trials to be done/ongoing.

Reviewer’s comments/criticism
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Direct costs Yes No List any indirect costs 

Programme costs Diagnosis and Therapy

Professional fees

Drugs

Ward

Nursing 

Additional provider costs Insurance

Set up costs 

Patient costs

Family costs

Do estimated costs include

Getting patient into remission (if applic)

Treating subsequent remissions

Treating secondary malignancies (if applic)

Costs taken into account

Study type: CBA CUA CEA Calculation  Other  _____________________
of UK costs

Title:

Authors:

Source:

Country:

English   Other Language (specify): _____________________

Summary of question being addressed:

Cost effectiveness

Reference number Database number Trial Group Trial Code

Details of publication
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Clinical information

Was data taken from a randomised comparison? Yes No ? 

Collected: Prospectively Retrospectively

Source: Single trial/study Multiple trials/studies Syst rev of trials/studies Rev of pat notes 

If trial/study was data taken from: If info from patient notes was data extracted by:

Published papers Single person looked at all notes

Unpublished work Several people looked at notes

Unpublished/published Two people looked at each set of notes 

Years clinical info taken from: ________________________

Estimation of total quantities of resources used

Based on actual data   Estimated   Based on model   State model: ________________

Estimation of total costs

Based on actual data   Estimated   Based on model   State model: ________________

Years cost data taken from: __________________      Year of final cost assessment: ________________

Were costs inflated? Yes No ? Currency unit reported: ________________

Was a conversion done from original currency?    Yes No Original currency: ________________

Quality of life assessment

Prospectively     Retrospectively     None     

Assignment of values to health states (if appl)  Drs  Nurses  Patients  Healthy Volunteers  

Source of data

Length of time horizon        

BMT Conventional treatment Difference *

Cost of treatment ± SD

Life years saved ± SD

QALY saved ± SD

*If BMT more expensive +ve, if -ve less expensive

Cost per life year gained by transplantation Were sensitivity analyses carried out

Yes No 

Cost per QALY gained by transplantation Details:

Were any costs discounted?           Yes No Details:

Results
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Length of survival tail        

BMT Conventional treatment Difference *

Cost of treatment ± SD

Life years saved ± SD

QALY saved ± SD

*If BMT more expensive +ve, if -ve less expensive

Cost per life year gained by transplantation Were sensitivity analyses carried out

Yes No 

Cost per QALY gained by transplantation Details

Were any costs discounted? Yes  No  

Details:

If analysis repeated with a “normal life expectancy tail”

Reviewers comments/criticism
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Title:

Authors:

Source:

Country:

English   Other Language (specify): _____________________

Summary of question being addressed:

Investigating incidences of (tick all that apply): Diseases included in test cohort

Second malignancies Leukaemia

Cardiac abnormalities Lymphoma

Respiratory abnormalities Myeloma

Gonadal function Breast

Cataracts Other

Other Specify ________________________

Myelodysplasia

Specify ____________________________________________

Long-term Toxicity

Reference number Database number Trial Group Trial Code

Details of publication

Details of transplant Details of high dose therapy

No receiving No receiving No receiving

Allogeneic Autologous Chemotherapy only

Bone marrow Stem cells Chemotherapy and TBI

Purged Unpurged Chemotherapy and 
targeted radiotherapy

Cyclophosphamide 
containing regimens

High Dose Therapy
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Test cohort Control cohort

Source of 

Patient entry dates

Median time from BMT
(months)

Min time (months)

Max time (months)

Was comparison randomised: Yes  No  ?  

Details of patient cohorts

Test cohort Control cohort

No of patients

Male:female

Age range at BMT

Median age at BMT

Were control cohort matched for age and prognostic factors?              Yes  No  ?  

Clinical information collected: Prospectively  Retrospectively  

Details of patient cohorts cont.

Summarise the major results, including statistics and incidence of long-term toxicities 

Results
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Reviewers comments
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Cassano W. A comparison of allogeneic bone
marrow transplantation, autologous transplant-
ation, or maintenance chemotherapy for the treat-
ment of childhood acute lymphocytic leukemia 
in second remission. Proc Annu Meet Am Soc Clin
Oncol 1993;12:A1058.

Rohatiner AZS, Johnson PWM, Price CGA, 
Arnott SJ, Amess JAL, Norton AJ, et al. Mye-
loablative therapy with autologous bone marrow
transplantation as consolidation therapy for
recurrent follicular lymphoma. J Clin Oncol
1994;12(6):1177–84.
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Relevant RCTs that did not report 
on one of the two specified end-points 

of survival or PFS





Health Technology Assessment 1998; Vol. 2: No. 8

175

Allogeneic Transplant which uses 
transplantation haemopoietic progenitor cells

harvested from a donor, either 
a sibling or unrelated donor.

Autologous Transplant which uses the patient’s
transplantation own haemopoietic progenitor cells,

harvested prior to the high-dose
chemotherapy or radiotherapy.

Bone marrow Transplant in which progenitor 
transplantation cells are collected from the 

bone marrow. 
Complete Response where disease is no 
remission longer detectable, usually by

clinical criteria. 
Consolidation Therapy given to a patient once 
therapy they have reached a complete or

partial remission. The aim of
treatment is to increase the
duration of remission.

Controlled Used in this report to mean a 
clinical trial prospectively conducted trial in

which the allocation of treatment
is pseudo random, for example by
donor availability.

Cord blood Placental blood harvested from the
umbilical cord just after birth.
Progenitor cells from the umbilical
cord can be used for transplant-
ation, and have the advantage that
their immune function is not fully
developed, which may reduce the
risk of graft versus host disease
associated with allogeneic and
unrelated donor transplantation.

First-line Initial treatment given to a 
therapy patient after which it is intended

that no further therapy is given
(unless the disease relapses).

Graft versus Immune reaction of the 
host disease donor marrow to the transplant

recipient. Usually manifests in skin
rashes, gut toxicity and liver
damage; a detrimental effect.

Graft versus Immune reaction of the 
leukaemia donor marrow to the residual

leukaemia cells of the recipient; 
a beneficial effect.

Haemato- Increase in the levels of blood 
poietic cells to normal levels following 
recovery myeloablative chemotherapy.

Hazard ratio Overall chance of failure on treat-
ment compared to control. Measure
of the relative survival experience of
two patient groups which accounts
for individual survival times and
allows for censoring of patients.

High-dose Used in this report to mean 
therapy myeloablative therapy including

PCT transplantation.
Induction Initial treatment given to a patient.

In most cases, patients responding
to induction treatment will receive
further consolidation therapy.

Log rank test Statistical method used to compare
actuarial survival curves.

Matched A sibling whose tissue type immuno-
sibling donor logically matches the patient’s and

can be donated for transplantation.
The likelihood of a sibling being a
match is 1 in 4.

Matched An unrelated donor whose tissue 
unrelated type is significantly well immuno-
donor logically matched to a patient’s so

that their stem cells can be used 
for transplantation.

Myeloablative Chemo- or chemoradiotherapy 
therapy which has as one of its side-effects the

permanent or near-permanent de-
struction of bone-marrow function.

Odds ratio Chance of failure on treatment com-
pared with control at a particular
point in time. Calculation uses only
number of events and takes no
account of the censoring of patients.

Partial Response of a disease to therapy 
remission which is not complete but is consid-

ered to indicate that the tumour is
sensitive to the therapy adminis-
tered. For example, a decrease of 
at least 50% in the product of two
diameters of all tumours compared
with that before treatment.

Peripheral Stem cells that are harvested 
blood stem from the peripheral blood circu-
cell lation rather than from the bone

marrow. Stem cells are naturally
found in the bone marrow, but the
administration of chemotherapy
with or without granulocyte colony
stimulating factors causes over-

Appendix 3
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production of the cells resulting
in significant concentrations in
the general circulation.

Peripheral Progenitor cell transplantation 
blood stem cell using stem cells harvested from 
transplantation the systemic circulation.
Progenitor cell Precursor blood cell found in

most abundance in the bone
marrow, from which all blood
cells develop. Also called a 
stem cell.

Progenitor cell Term used to describe the 
transplantation harvesting of progenitor cells

and the subsequent adminis-
tration of these cells to a patient
following myeloablative 
therapy. 

Progression-free The length of time that a patient 
survival remains alive, without any

progression of disease.
Randomised Prospectively conducted trial in 
controlled trial which participants are randomly

assigned to receive or not receive
a particular intervention. The
aim of randomisation is to
ensure that treatment groups are
balanced for both known and
unknown prognostic factors and
that any observed differences in
outcome are due to the inter-
vention and not to differences 
in patient population.

Stem cell Alternative name for a
progenitor cell.
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Physicians data query (PDQ) is a comprehensive
cancer database set up by the US National 
Cancer Institute available on the Internet. It
contains peer-reviewed statements on treatment,
supportive care, prevention, and screening, 
as well as anti-cancer drugs; a registry of over 
1600 open and 8000 closed clinical trials from
around the world; and directories of physicians 
and organisations that provide cancer care in 
the USA.

The registry of trials provides detailed information
on a large number of open and closed studies
(Phase I–IV) from the USA and around the world.
Like any trials database PDQ is not comprehensive;
not only does it rely on protocols being submitted
to the registry, but also, like all information 
on PDQ, protocols are indexed subject to 
peer review.

Access
The web site address for PDQ is
www/icic.nci.nih.gov/pdq/pdq_dm.htm and much
of the information contained in the database is
available to all with Internet access. However to
search and browse the trials registry it is necessary to
become a member of the NCI Information Associ-
ates Program. Further information can be obtained
on www/icic.nci.nih.gov/jnci/iapinfo.html.

Trial coding

Protocols are indexed on PDQ with a unique trial
code and for on-going and as yet unpublished trials
identified through PDQ it is this code that appears
in the lists of on-going trials in each chapter of this
review.
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The EBMT HDT classification below is taken from 
a special report published by the EBMT in 19961

which aimed to ‘define what might be regarded as
current or standard transplant practice in Europe’ 
at the time of publication. The authors stress that
the information contained in the paper should not
be used to discourage or prevent innovative proce-

dures in this field and that the indications for the
use of HDT are ever changing. Tables 74 and 75 also
summarise the results of the present review. It must
be reiterated that for the majority of disease sites
investigated there were very few randomised or
psuedo-randomised trials and therefore the data
summarised here should be regarded as preliminary.

Appendix 5

Summary of the EBMT classification for HDT 
and the findings of this review

TABLE 74  Comparison of the EBMT HDT guidelines and the findings of the present systematic review for autologous transplantation

Disease EBMT guidelines* Findings of the systematic review†

AML: adult first CR Routine No evidence of an OS difference, possible PFS 
advantage in favour of HDT.

AML: paediatric first CR Routine Possibility of an OS advantage in favour of CC.
No evidence of a difference in PFS.

AML: second or third CR, incipient relapse Routine No reliable information.

AML: relapse Not recommended No reliable information.

ALL: paediatric, low risk, second CR Routine No reliable information.

ALL: paediatric, high risk, first CR Routine No reliable information.

ALL: adult, high risk, first CR/second Routine No evidence of a difference between treatments.
CR, incipient relapse 

ALL: adult, established relapse Not recommended No reliable information.

CML: chronic phase Protocol No reliable information.

CML: advanced phase Protocol No reliable information.

CML: blast crisis Not recommended No reliable information.

NHL: intermediate/high grade, first CR Routine No evidence of an OS or PFS difference.

NHL: low-grade relapse or second CR Protocol No reliable information.

NHL: intermediate/high grade, second No comment made Insufficient evidence to draw conclusions; single trial 
or third CR reported an OS and PFS benefit in favour of HDT.

HD: first CR Protocol No reliable information.

HD: first relapse, or second or third CR Routine Insufficient evidence to draw conclusions.
(Single small trial reported PFS advantage in favour 
of HDT but found no evidence of an OS benefit in 
relapsed/refractory patients.)

* Routine = HDT in routine use for selected patients; Protocol = HDT to be undertaken in approved Clinical Research Protocols;
Pilot = HDT used in developmental or pilot studies can be approved in specialist units.
† No reliable information = no RCT/CCTs identified; OS = overall survival.

continued
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TABLE 74 contd  Comparison of the EBMT HDT guidelines and the findings of the present systematic review for autologous transplantation

Disease EBMT guidelines* Findings of the systematic review†

HD: refractory Pilot Insufficient evidence to draw conclusions.
(Single small trial reported PFS advantage in favour 
of HDT but found no evidence of an OS benefit in 
relapsed/refractory patients.)

Myeloma: stage I Protocol No reliable information.

Myeloma: other stages Routine No evidence of a difference in OS. Possible PFS 
benefit in favour of HDT.

Breast cancer: adjuvant Protocol No reliable information.

Metastatic breast cancer responding Protocol Insufficient information reported in trials to allow 
quantitative data summation or conclusions to 
be drawn.

Germ-cell tumours Protocol Insufficient evidence to draw conclusions.
(Single small trial reported PFS advantage in favour 
of HDT but found no evidence of an OS benefit.)

Ovarian cancer: minimal disease Pilot No reliable information.

Small cell lung cancer: limited disease Pilot Insufficient evidence to draw conclusions. (Single 
small trial found no evidence of an OS difference, but 
gives possibility of PFS advantage in favour of HDT.)

* Routine = HDT in routine use for selected patients; Protocol = HDT to be undertaken in approved Clinical Research Protocols;
Pilot = HDT used in developmental or pilot studies can be approved in specialist units.
† No reliable information = no RCT/CCTs identified; OS = overall survival.
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TABLE 75  Comparison of the EBMT HDT guidelines and the findings of the present systematic review for allogeneic transplantation

Disease EBMT guidelines* Findings of the systematic review†

AML: adult first CR Routine No evidence of an OS difference. Possibility of a PFS 
advantage in favour of HDT.

AML: paediatric first CR Routine Possibility of an OS and PFS advantage in favour of HDT.

AML: second or third CR, incipient relapse Routine No reliable information.

AML: relapse Pilot No reliable information.

ALL: paediatric, low risk, second CR Routine Trial gives insufficient information to draw any 
conclusions (trial included all risk category patients).

ALL: paediatric, high risk, first CR Pilot studies Insufficient evidence to draw conclusions. (Single trial 
found no evidence of a difference in OS or PFS.)

ALL: adult, high risk, first CR/second CR, Routine No evidence of an OS difference between treatments.
incipient relapse Possible PFS benefit in favour of HDT.

ALL: adult, established relapse Pilot No reliable information.

CML: chronic phase Routine No reliable information.

CML: advanced phase Routine No reliable information.

CML: blast crisis Pilot No reliable information.

NHL: intermediate/high grade, first CR Routine No reliable information.

NHL: low-grade relapse or second CR Protocol No reliable information.

NHL: intermediate/high grade, second No comment was made No reliable information.
or third CR

HD: first CR Not recommended No reliable information.

HD: first relapse, or second or third CR Protocol No reliable information.

HD: refractory Not recommended No reliable information.

Myeloma: stage I Protocol No reliable information.

Myeloma: other stages Routine No reliable information.

* Routine = HDT in routine use for selected patients; Protocol = HDT to be undertaken in approved Clinical Research Protocols;
Pilot = HDT used in developmental or pilot studies can be approved in specialist units.
† No reliable information = no RCT/CCTs identified; OS = overall survival.
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The systematic review reported here aimed 
to review the published data comparing the

efficacy of HDT/PCT with that of CC. During the
research and preparation of the review it became
evident, as with many systematic reviews of the liter-
ature, that much of the required information was not
presented in the published trial reports and this pre-
vented complete analyses of the data. In addition it
became apparent that there were several trials that
were completed but were as yet unreported and so
could not be included in this review. These problems
are just two of the many drawbacks of conducting
systematic reviews or meta-analyses of the literature.

The gold standard for meta-analysis is widely
believed to be one based on individual patient data
(IPD). In such an analysis, updated data for all
patients entered into all trials known to have been
conducted worldwide, both published and unpub-
lished, are obtained. The study mentioned in
chapters 6 and 7 conducted by the AML Collabor-
ative Group is an example of an IPD meta-analysis
and as this followed stricter, more robust method-
ology, its findings are likely to be more reliable
than those reported in this review.

Summary of the shortcomings 
of meta-analyses of the published
literature (MAL) compared 
with meta-analyses of individual
patient data (MAP) (adapted from
Stewart and Parmar, 19939)
A MAL depends only on the information presented
in published reports, and the specific data required
for analysis may not be available. Abstracts, espec-
ially, seldom contain detailed information and full
papers may concentrate on end-points other than
the one of primary interest. Journals and, more
commonly, investigators themselves are more likely
to publish positive results, and publication bias
alone can influence meta-analysis. A MAP does not
rely on published information alone but includes
all available trial data, both published and unpub-
lished. The trial protocol and ‘raw’ data are
obtained and checked by the meta-analyst.

Meta-analyses are often restricted to the analysis of
reliable evidence from randomised trials. However,
not all studies reported to be randomised can be
assumed to be free of bias. On detailed inspection
it may emerge that the clinician could have known 
in advance which treatment a patient would be
allocated (for example, if the patient’s date of birth
had been used as the means of ‘randomisation’)
and on the basis of this prior knowledge decide
whether or not to enter the patient into the trial.
Some methods of randomisation, such as sealed
envelopes, may also be insecure. This is particularly
pertinent to the trials reported here which com-
pared allogeneic transplantation with conventional
therapy because it is difficult to ascertain from a
published report whether all patients included 
in the analysis underwent, along with potential
sibling marrow donors, HLA typing. A MAP can
assess the method of randomisation (or in the 
case of allogeneic transplant trials, the validity 
of HLA typing procedures) from the trial proto-
col and further examine the integrity of random-
isation using individual patient data and on the
basis of this identify trials that have been properly
randomised. Such checks cannot be made in 
a MAL.

Patients in a randomised trial should be analysed 
by allocated treatment whether or not they received
that treatment. Not all trials do this. A MAP permits
analysis by intention to treat even if the published
report did not do so. Clearly, a MAL is restricted 
to using information from the published analysis
even if this analysis is flawed. It is often not clear
from publications how many patients have been
excluded from the original analyses. Exclusions 
can be especially problematic with older trials.

Pressure to publish quickly often results in 
short follow-up so MALs tend to focus on early
time-points which may be inappropriate in a
chronic disease.

A MAP permits a more sensitive analysis. As is the
case here, a MAL commonly uses either the total
reported number or proportion of deaths on each
arm at a particular time. This gives an OR at this
specified time-point. The number of deaths 

Appendix 6

Introduction to individual patient 
data meta-analysis
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often has to be estimated from survival curves 
and although the number of patients at risk should
be adjusted to take account of censoring, this is 
not always possible. Unless the death rate on each
treatment arm is constant throughout the trial 
(the hazards are proportional), the OR should 
be applied only to the time-point for which it was
generated. It therefore reflects little of the rest of
the survival experience and might misrepresent the
underlying treatment effect, especially if based at
points of maximum or minimum difference.

By contrast a MAP commonly uses survival times of
individual patients to calculate HRs which average
the treatment effect over time, giving an estimate 
of the overall relative benefit of treatment. For a
particular time-point the absolute benefit can be
estimated from the HR and the survival rate in the
control group. Where the main end-point is binary
(e.g. it is survival itself rather than length of survival
that is important) or where the event rate is low, it

may be acceptable to use the numbers dead and
alive at a time-point beyond the period during
which most disease-related deaths take place.
However, in most chronic diseases length of survival
is of major importance. For many types of cancer
the survival curves for two competing treatments
may separate initially but are likely to converge at
some point during the period of interest. In such
instances early in time an OR will tend to over-
estimate the underlying treatment effect and late 
in time it will tend to underestimate it. The HR 
and survival curve from a MAP is more informative
and more helpful clinically. 

MAPs can also address important supplementary
questions, and in particular, whether treatment is
more or less effective in well-defined groups of
patients. As a result of the variations between trials
in the number of patients included and the implicit
heterogeneity between trials, a MAP currently
provides the best means of addressing such issues.
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