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belief often emanates from intuition rather than observation, and it is supported
by the fact that the costs of many preventive measures, e.g. vaccinations and
screening tests, are often small. When disease is prevented, furthermore, the
costs of treating it are avoided and savings result from a low-cost preventive
strategy. Research has indicated, however, that this is not always the case
and that the situation is more complex.! Preventing disease involves risks as
well as benefits, and even when the financial cost of a preventive measure
appears small, systematic evaluation often demonstrates that the full costs
are considerably larger and often greater than any savings.! Prevention may
actually increase ultimate medical and health expenditures. 5

In 1990, India spent US$ 17488 million on total health expenditures out
of its US$ 291561 GDP.3 This represents an expenditure of 6% of GDP
and a per capita expenditure of US$ 20. Of the total health expenditure,
US$ 3499 million was dedicated to public health services, US$ 13 703 million
to private health services, and US$ 286 million were derived from aid flows
for health.' In the coming years, it will be imperative that difficult questions
about these expenditures be answered, that too through scientific and peer-
reviewed research. Do these expenditures actually improve the objective
health of Indians? What does this level of health expenditure buy for India?
How much is wasted through inefficiency in the production of services and
the selection of which services to provide? Blind expansion of health services
under the presumption that more is better, irrespective of how and where
resources are allocated and of the system outcomes that result, is poor adminis-
trative practice. Examination of the relationship between measures of health
status and the nature of health expenditures at the local, regional and national
levels must become a central focus of policy and political deliberation if India's
health sector development is to parallel advances in her industrial and
economic sectors.
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Minimal Residual Disease in Leukaemia
Intensive chemotherapy (Cf) and/or bone marrow transplantation (BMT)
results in long term disease-free survival in patients with chronic myeloid
leukaemia (CML), acute myeloid leukaemia (AML) and acute lymphoblastic
leukaemia (ALL). However, leukaemia relapse remains an important problem.
Relapse occurs either due to growth of minimal residual disease (MRD)
present in bone marrow (BM) at a level undetectable by light microscopy or
due to re-infusion of malignant cells with the stem cell rescue.' Detection of
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MRD is important in order to evaluate the efficacy of treatment regimens,
to identify the patients who are at high risk of relapse and who might benefit
from additional therapy in order to sustain remission, and to quantitate remain-
ing leukaemia cells in autologous BM grafts before transplantation.? The
standard approaches such as light microscopy, cytogenetic analysis, flow
cytometry, fluorescent in situ hybridization (FISH) and Southern blot analysis
have limited sensitivity and are unable to detect malignant cells until they
exceed 1% to 5% of normal cells. Recently, application of the polymerase
chain reaction (PCR) has allowed the detection of one neoplastic cell among
1()5-1()6normal cells. This method is based on PCR amplification of tumour-
specific DNA or RNA sequences.'

Chronic myeloid leukaemia
In some haematological malignancies, the presence of specific karyotypic
abnormalities can serve as early markers of disease recurrence. In CML,
transposition of the ABL gene from chromosome 9 on to the BCR gene in
chromosome 22 creates a chimeric gene BCR-ABL and a corresponding
protein p21O. The chimeric BCR-ABL mRNA transcript has been used as a
marker for disease recurrence. In several studies, patients in clinical remission,
after allogeneic BMT for CML, have been followed up post-transplant using
PCR as a prognostic tool to predict relapse. J...5 The results of these studies
have broadly identified three subgroups of patients: (i) patients with sustained
PCR positivity, (ii) patients with intermittently positive, and (iii) patients with
persistently negative assays for BCR-ABL mRNA transcripts. The patients
with persistent PCR positivity in serial assays beyond 12 months have a high
probability of relapse. In contrast, the risk of relapse is low in patients with
persistently negative results. The patients with intermittently positive and
negative PCR results have intermediate risk. More recently, quantitative
(competitive or dilution) PCR assay has been used to further define the
relevance of a positive result. This method is superior to qualitative PCR
because residual proliferating leukaemic cells are expected to give rise to
increased expression of BCR-ABL fusion messages over time. Thus, the
analysis of consecutive samples in a given patient provides a built-in mechanism
to determine relative increases or decreases in the expression of the BCR-ABL
messages.s-'

Acute myelogenous leukaemia
In AML, the presence of t (15;17), t (8;21) and inv 16 defines a group with
a better prognosis and the presence of 7q - or 5q - defines a poor prognostic
group. Acute pro myelocytic leukaemia (AML-M3) is characterized by the
presence of a specific chromosome translocation, t (15;17) and high complete
remission rate after treatment with all-trans retinoic acid (ATRA). The expres-
sion of the fusion gene PML-RAR-a has been used as a molecular marker
to detect MRD. These studies indicate that most patients remain PCR positive,
with subsequent clinical relapse, if ATRA is used alone as post-remission
therapy whereas patients who receive post-remission intensive chemotherapy
become PCR negative and have a decreased risk of relapse."

The t (8;21) (022; 022.3) translocation is seen in nearly 40% of patients
with AML-M2. The translocation results in the formation of a fusion gene
consisting of runt (AMLl) and MTG 8 (ETO) genes. Data indicate that PCR
amplification of runtIMTG 8 fusion transcripts can be used for monitoring
MRD.9,lO

Acute lymphoblastic leukaemia
Approximately 20% of cases of childhood ALL and 30-50% of adult ALL
have commonly occurring chromosomal translocations such as t (9;22), t (4;11),
t (1;19), t (8;14) and t (1;14). The PCR amplification of breakpoints of
t (9;22) detects the presence of BCR-ABL fusion transcripts in about 6% of
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cases. of childhood B-lineage ALL and in 55% of adult common ALL.ll The
presence of this chromosomal translocation confers a very poor prognosis in
both adult and childhood ALL.12 Seventy per cent of infants with ALL
have the presence of t (4;11) (11q23) detected by PCR 'analysis. With conven-
tional chemotherapy this large infant subgroup had a projected event-free
survival of 15% at 46 months compared to 80% in those lacking 11q23
rearrangements. More intensive approaches including allogeneic BMT may
be appropriate for these patients.P Recently, t (1 ;14) which involves the
rearrangement of the tal-I gene on chromosome 1 has also been studied by
PCR. This gene is altered in approximately 25% of T-ALL cases."

In at least 50% of ALL patients, translocations are not identified; instead
the rearrangement of the immunoglobulin heavy chain (lgH) and T cell receptor
(TCR- Y, d and B) genes are alternative targets for molecular monitoring.
Unique IgH gene rearrangements occur in approximately 98% of cases of
precursor B-ALL whereas rearrangements of TCR-Y and TCR-d genes are
found in 91 % and 96% T-ALL respectively.P PCR amplification of IgH and
TCR genes indicate that most children are PCR positive at the end of remission
induction chemotherapy. During maintenance therapy about 30% BM samples
are PCR positive. But after termination of maintenance treatment most
children become PCR negative. Thus, the children remaining PCR positive
at the end of maintenance therapy (of those with a high tumour burden after
a few months therapy) may be at a higher risk of subsequent relapse.P-"
Brisco et al. showed that quantification of leukaemic cells in the first remission
BM sample was significantly related to outcome.P

Large prospective studies with longer follow up are required to confirm
these initial results.

Problems and pitfalls
Variations in the frequency of positive PCR results have been reported in
some studies. The possible explanations for discrepancy between these studies
may be: the type of sample (results from peripheral blood may underestimate
the true positive incidence compared with assays of BM specimens), difference
in different PCR programmes, reagent primers, number of PCR cycles and
methods used to avoid cross-contamination. A multicentric study with
standardized materials and approach of co-amplifying an internal control
target as well as patient's sample' derived transcripts may determine the true
rate of PCR positivity.

Detection of MRD by PCR has made it possible to identify a subgroup of
patients who are at high risk of relapse. A single positive result is not a good
predictor but a persistent or even an increase in MRD throughout the course
of treatment is important. The patients' at high risk for relapse may benefit
by further therapy or specific immunological manipulations such as interferon
and interleukin-2.Phase I and II studies have already begun in this regard. 19,20
It will be interesting to observe the effects of such treatment on PCR positivity
and overall outcome.
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The Familial Breast Cancer Genes-
The End or the Beginning?

A report in the December 1990 issue of Science, from the group headed by
Mary Claire King, a geneticist at the University of California, Berkeley,
suggested that familial breast cancer could be attributed to a single gene.
Fatnilial or hereditary breast cancer accounts for 5-10% of all breast cancers
and afflicts women at a much younger age. King's group conducted genetic
linkage studies on fatnilies with many women having breast cancer while in
their thirties.

The recent discovery of polymorphic DNA markers has enormously
increased the power of genetic linkage analysis. These 'markers' are stray
sequences of DNA whose positions on a chromosome are precisely identified.
Thus, if a marker is consistently inherited with a particular disease, it is said
to be 'linked' to that disease and the 'disease gene' is located close to the
genetic region harbouring the marker. Using this technique, King's group
mapped the breast cancer susceptibility locus to the long arm of chromosome
17 (17q).1 This locus was termed BRCAl.


