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Introduction

Given the intense interest in all aspects ofoncology,
any review is inevitably selective and must be
strongly influenced by the interests of the author.
In an attempt to avoid bias, this article has been
written for the general physician, and has tried to
cover the background to some modern develop-
ments in oncology, and at the same time highlight
investigations or treatments reported recently that
might be helpful in practice. The astonishing pace
at which molecular biology is adding to our

knowledge of the normal and malignant cell, and
the rate at which this knowledge is being applied to
diagnosis and therapy, makes this one of the most
important aspects to consider.

Chromosomal abnormalities and cancer

The classic abnormality of the t(9;22) translocation
resulting in the Philadelphia chromosome consis-
tently associated with chronic myeloid leukaemia
(Figure 1), and the more recently described trans-
locations in Burkitt's lymphoma t(8;14) (Figure 2)
or promyelocytic leukaemia t(l5;17) have empha-
sized the central role of translocations, inversions
and deletions of chromosomal material in tumour
pathogenesis.
The way in which these abnormalities convey

their survival advantage to the malignant cell is the
subject of a number of hypotheses. Activation of
genes which promote the production of growth-
promoting substances and deletions of suppressor
genes which normally prevent such activity, are

being increasingly convincingly demonstrated.
Allelic deletions in chromosome 13 in retinoblas-
toma (Figure 3), chromosome 11 in Wilms', emb-
ryonic, breast and bladder tumours, chromosome
22 in acoustic neuromas, chromosome 3 in renal
cancer and lung carcinomas, are good examples of
tumours in which deletions on one chromosome
are associated with malignancy.

9 9q+ 22 Ph
Figure 1 t(9;22)(q34;q 1) showing Philadelphia
chromosome.

14 14q+ 18 18q-
Figure 2 t(14;18)(q32;q21) in follicular lymphoma.

13q- 13
Figure 3 del(13q) in retinoblastoma.

The association of chromosomal abnormality
with tumorigenesis would be even further strength-
ened if it could be shown that an increasing
incidence of chromosomal abnormality occurred
as a tissue underwent malignant change. Vogelstein
et al.Iinvestigated the genetic alterations during
colorectal tumour development, and were able to
to study the DNA in adenomas of increasing
dysplastic grade and in colorectal cancer. RAS gene
mutation, deletion on the long arm ofchromosome
5, chromosome 18 and 17 were observed with
increasing frequency as the tissue became increas-
ingly dysplastic (Figure 4). The conclusions from
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Figure 4 Genetic alterations during colorectal tumour
progression. After Vogelstein et al. Reprinted by permis-
sion of the New England Journal of Medicine 319, 525.
1988. · - RAS mutation; O - 5q allelic deletion; * -

18q allelic deletion; 0 - 17p allelic deletion.

Vogelstein's work are that accumulated alterations
affecting at least one dominantly-acting oncogene,
and possibly several tumour suppression genes, are

responsible for the development of colorectal
tumours. In studying the initiating events of colo-
rectal cancer that develop in familial polyposis,
there is no doubt that the further deletion on
chromosome 5 with loss of a suppressor gene is of
great importance in the development of this malig-
nancy.2'

While it would appear that molecular biology is
bringing us nearer and nearer to the initiating event
in cancer, a recent discovery, the polymerase chain
reaction, may be of crucial importance. One of the
most difficult problems for the management of
clinical cancer is the detection ofresidual disease. If
it were possible to say without equivocation that all
tumour had been removed either by surgery,
radiotherapy, or chemotherapy, many patients
would be spared further treatment, which at the
least is unpleasant, and at worst may be life-
threatening. In the case of leukaemia and lymph-
omas, histopathology and the more refined cyto-
logical techniques have been inadequate to detect
minimal residual disease. In other tumours - with
the possible exception of germ cell tumours, in
which a-fetoprotein and P-human chorionic gona-
dotrophin (HCG) have been helpful - no good
markers of disease exist. The belief that the detec-
tion of minimal residual disease is important is
supported by the fact that germ cell tumours in
adults are among the most successfully treated of
all malignancies.

Molecular biology has furnished a very powerful
tool in the form of the polymerase chain reaction
(PCR). It was noted earlier that the outstanding

cytogenetic abnormality in chronic myeloid leu-
kaemia is the t(9;22) translocation. The area in
which this translocation occurs is close to the
abl-oncogene. DNA amplification can be utilized
to produce many copies of the bcr-abl transcripts
near the RNA junction (Figure 5). This provides a
unique clonal marker for this tumour.4 Using this
technique, malignant cells in concentrations as
small as 1/100,000 can be detected. This technique
is being extended to detect residual lymphomatous
tissue. The majority of follicular lymphomas show
a t(14; 18) translocation, which results in removal of
the immunoglobulin heavy chain gene into the
bcl-2 gene on chromosome 18.5 Sixty per cent of the
translocation occurs within a narrow region on the
bcl-2 gene, known as the major breakpoint region,
and the rest on a region known as the minor
breakpoint cluster. Probes for these regions are
available. PCR reactions across this major break-
point region can be used to detect malignant cells
with a sensitivity of up to 1/100,000 cells.6 At the
moment, these techniques are most easily applied
to the detection of minimal residual disease in the
bone marrow of patients with acute leukaemia and
lymphoma, but a wider application of the tech-
nique is now being sought so that it might be
helpful in certain solid tumours.

Cell culture

Study ofthe effect of cytotoxic drugs - influence of
growthfactors
This section allows a brief look at new aspects of
malignant cell culture in vitro, the practical applica-
tion of such a system in myeloma and a look at the
impressive number of regulatory molecules or
cytokines that are now being identified and tried in
clinical practice. It is a truism that new techniques
open up new fields of pure and applied research.
The difficulty ofgrowing myeloma cells reliably has
prevented research both on the nature of this B cell
and its response to therapy. Using a double layer
agar technique, Millar et al.7 have been able to
culture myeloma cells so that they grow with a high
plating efficiency without contaminating B, T or
granulocyte macrophage colonies. Bone marrow
containing as little as 2% infiltration consistently
grew colonies of small lymphoid cells and larger
plasmacytoid cells, which can be demonstrated to
arise from the original myeloma cells. It is interest-
ing to note that these colonies could even be grown
from the peripheral blood. The drug sensitivity of
myeloma cells compared with normal haemopoie-
tic cells can be measured by using dose response
curves in individual patients. This method can be
used to detect resistant subpopulations ofmyeloma
cells. In serial bone marrow samples the emergence
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Figure 5 Polymerase chain reaction (PCR) is a means of
increasing small quantities of known DNA or RNA
sequence to an easily detectable level. The schematic
diagram illustrates the process PCR. Initially double
stranded DNA is placed in the reaction mixture consis-
ting of 2 short sequences (Primers) ofDNA at either side
of the sequence to be copied, the four individual bases
(adenine, thionine, cytosine and guanine) and Taq
enzyme that is required to link the bases in the manufac-
ture of DNA. A cycle of temperatures is followed.
Initially the double stranded DNA is broken into 2 single
strands (denatured) by heating to 94°C. The temperature
is then lowered to around 55°C to encourage the 2 primers
to attach to the complementary sequence of single
stranded DNA (annealing). The temperature is then
raised to 72°C, the ideal condition for Taq enzyme to
incorporate the appropriate bases onto the starting
primer sequence (extension) producing 2 double stranded
segments. This cycle usually takes no longer than 3
minutes and is repeated 25 to 30 times to produce
approximately 1012 copies of the sequence.

of drug resistance can be determined. In Figure 6
the comparative survival of myeloma cells and
normal haemopoietic cells from the same patient is
shown. An example is given of a highly sensitive
and a highly resistant cell. The theoretical impor-
tance of such studies cannot be overemphasized,
because with our increasing awareness of the
molecules that are responsible for controlling cells,
this technique will give an opportunity to study
regulatory mechanisms.

Regulatory mechanisms imply circulating mole-
cules which in turn must have receptors ifthey are to
function. There has been increasing interest in
epidermal growth factor receptor (EGFr) in human
breast cancer. Many prognostic variables have
been described for breast cancer - for example, age
at menarche or parity, size of tumour and presence
of lymph node metastases, histological grade8 and
more recently the beneficial import of the presence
of oestrogen (ER) and progesterone (PR) recep-
tors. EGFr on human breast cells was described by
Sainsbury et al.9 They also pointed out that it
occurred in an inverse ratio to the oestrogen
receptor.10 The presence ofEGFr is correlated with
poor survival in breast cancer."1 From these
studies, and studies on the effect ofgrowth in tissue
culture, it would seem that EGFr plays an impor-
tant part in regulating the growth of human breast
cancer.'2 It has been suggested, because of a
possible role in autoendocrine cell stimulation, that
its presence identifies a group of more aggressive
tumours with a higher metastatic potential. Batt-
aglia et al.13 have investigated the numbers of
EGFr, ER and PR in primary breast cancer and
axillary lymph node metastases. They found that
EGFr receptors were more common in the metas-
tatic glands than in the primary tumour, and that
there was a reverse relationship between the
presence of EGFr and PR and ER, which was
highly significant. The adverse role of EGFr is
further strengthened by the latest report from
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Figure 6 Comparative survival ofmyeloma and normal
haemopoietic cells in a patient treated with melphalan.
The effect of melphalan on the survival of myeloma (i)
and GM-CFUc (O) cells in vitro. (Cells were exposed to
melphalan in PBSA for Ih at 37°C before plating.)
Reproduced with permission from B. Miller.
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Sainsbury's group,'4 who have demonstrated, in a
series of 264 consecutively excised breast car-
cinomas, a close relationship between the presence
of EGFr and histological high risk tumours.

Haemopoietic growth factors

Continuing the theme of regulatory factors and
receptors, the ability to produce peptide regulatory
factors such as erythropoietin, granulocyte macro-
phage colony stimulating factor (GMCSF) and
granulocyte stimulating factor (GCSF) must be
considered to be one of the most exciting recent
developments.15'16 The clinical role of erythro-
protein has been explored most in the area of
primary deficiency of this factor in patients with
end-stage renal disease, so that further discussion
would not be relevant, though the possibility that
it, too, could be of use in initial stages of marrow
transplantation is still to be explored.
The remarkable fact about GMCSF and GCSF

is that they cause a many-fold increase in func-
tional granulocytes without evidently depleting the
stem cell pool. They can do this in humans in
effective doses without causing toxicity. The in-
creased levels of granulocytes are sustained over a
number of days, but return to normal when the
factor is no longer given (Figure 7). The application
of these factors to clinical situations'7 in which
cytotoxic drugs have depressed the neutrophil
count is still being investigated, but good clinical
studies!8 showed a reduction in the infection rate in
patients with small cell lung cancer treated with
chemotherapy when given GCSF using within-
patient randomization. Using a similar within-
patient study, in which the first course of therapy
was accompanied by GMCSF and the second
course was not, Antman et al.L9 showed in 16
patients with inoperable metastatic sarcomas a

Figure 7 Increased level of polymorphonuclear cells
following the injection of GCSF compared with the level
of neutrophils in untreated patients. Note initial rise
followed by a short nadir.

significant difference in the duration of neutro-
penia. The duration of neutropenia was only 3.5
days after the first cycle, whereas it was 7.4 days
after cycle 2 (P <0.01). However, the number of
febrile episodes in the two cycles was the same, but
as fever may have been related to the GMCSF, it is
difficult to know whether infection rates were lower
in the GMCSF cycles. Other studies in urogenital
tumours have been reported.20

High-dose chemotherapy accompanied by total
body irradiation has been used in the experimental
treatment of such devastating diseases as end-stage
breast cancer and disseminated malignant melan-
oma. The profound neutropenia seen following
such therapy makes an ideal situation for testing
the value of these factors. Brandt et al.21 reported
the use ofGMCSF in 19 patients with breast cancer
and melanoma, and compared the duration of
neutropenia to an historical control group of 24
patients matched for age, diagnosis and treatment.
Total leucocyte and granulocyte recovery were
accelerated in the patients given GMCSF com-

pared to the control group. Toxicity at lower level
of GMCSF was very tolerable, but at the maxi-
mum doses used, generalized oedema, pleural
effusions and hypotension developed. Two of the
19 patients died of infection during admission, one
due to bacteria and the other fungal, but although
there had been no in-patient deaths from infection
in the controls, there was evidence of bacteraemia
in only 3/19 treated with GMCSF compared to
8/23 in the controls. The authors do suggest that
there was less hepatotoxicity and renal toxicity in
the treated patients, and speculate that this was due
to a lower incidence of bacterial infection. The fact
that sudden death from overwhelming bacterial
infection can occur in patients treated with haemo-
poietic growth factors raises the worrying pos-
sibility that these patients might have an impaired
ability to respond to infections following stimula-
tion by these substances.

It is very probable that the efficacy of these
factors may not only be due to the rapid recovery of
numbers of polymorphs (PMN). Kaplan et al.22
studied the PMNs from 10 patients with cancer
treated with GMCSF, and were able to show that
there was enhanced superoxide release in the PMN
from the GMCSF patients treated with lower
doses. Superoxide production is related to the
effectiveness of bacterial killing, so that this may
indicate a further reason for not escalating the dose
of these factors to too high a level. Metcalf,23 in a
recent review, points out that both GMCSF and
GCSF are probably produced as a response to
natural infections, and further studies will be
needed to study the combinations of these factors
and the addition of other regulators such as
interleukin- 1. The role ofthese interesting products
in cancer therapy is now a focus of intense activity.
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There is now a requirement for larger randomized
studies to confirm that the restoration of the PMN
count is correlated with a reduction in the number
of febrile episodes due to bacteria, and long-term
studies will also be needed to confirm the absence
of any deleterious effect on the white cell pro-
genitors. These factors do hold open the process of
reducing the dose-limiting effects of marrow sup-
pression by cytotoxic drugs, which in theory, at
least, should enhance the efficacy of intensive
chemotherapy.

Mechanisms ofdrug resistance

Drug resistance has been a major obstacle to curing
cancer with chemotherapy. Even when many drugs
are given, either together or sequentially, drug
resistance soon arises. In leukaemia and solid
tumours that are curable, such as lymphoma or
testicular cancer, malignancies that are highly
responsive initially may relapse, and when they do
so, the tumour cells are refractory to many drugs.
Other tumours show resistance de novo - for
example, adenocarcinoma of the colon and malig-
nant melanoma. Both forms of resistance to drugs
may involve more than one drug, with so-called
'cross resistance' and this is now termed 'multidrug
resistance' or MDR. The study of cell lines which
have developed MDR has enabled the mechanisms
of such resistance to be studied, and the mech-
anisms are now known at a molecular level.
Although there are many ways in which drug

resistance can develop, MDR appears to be effec-
ted by an increased ability of the cell to excrete the
toxic drug by means of an energy-dependent eflux
system (Figure 8). Circumstantial evidence sug-
gests that membrane glycoproteins of 170 kDa are
responsible, as these are to be found in increased
quantities in drug resistant cells.24 MDR genes
encoding for these proteins are found to be ampli-
fied in resistant cell lines and reduced in sensitive
cells.
One of the most telling pieces of evidence is that

when genes for the P-glycoprotein are transfected
into the DNA of cell lines, these lines then show
enhanced expression of P-glycoprotein and in-
creased drug resistance. While there may be other
mechanisms for drug resistance, the P-glycoprotein
at least offers a practical target for manipulation
and possible reversal of clinical chemotherapeutic
resistance, by such agents as calcium channel
blockers (verapamil),25 calmodulin inhibitors26 and
isoprenoids.27 Mechanisms by which these drugs
act are reviewed by Morrow and Cowan.28

Recently, a single and practical means of study-
ing the over-expression of P-glycoprotein using a
monoclonal antibody has been described.29 The
development of increased P-glycoprotein in the

Figure 8 Diagrammatic representation of the cell wall
with a molecule of P-glycoprotein engaged in excreting
cyto-toxic drugs from the cytosol below into the extracel-
lular fluid above.

cells of patients with myeloblastic leukaemia who
become progressively resistant to cytotoxic drugs
can be demonstrated by a monoclonal antibody
C219, which is now commercially available. It has
been evaluated using immuno-blotting techniques,
immunocytology,29 or flow cytometry.30 Immuno-
histochemical staining of cells from patients with
myeloma, lymphoma and breast cancer have
shown excellent correlation of high P glycoprotein
with resistance to doxorubicin.3'

Chemotherapeutic agents which are known to be
affected by multiple drug resistance are largely
derived from natural products, and include
vincristine, vinblastine, doxorubicin, dauno-
rubicin, mitoxantrone, mithromycin, actinomycin
D, etoposide, tenoposide and mitomycin. These
drugs have been shown to be effective in malig-
nancies such as leukaemia, ovarian cancer, breast
cancer, lymphoma and myeloma. These are also
cancers in which it has been shown that P-glyco-
protein is associated with MDR. Consequently it
would appear likely that measurements of the level
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of P-glycoprotein would be helpful in planning
rational therapy for relapsed patients.

A new chemotherapeutic agent for haematological
malignancy
After decades of new therapeutic agents, the
number of successful compounds entering clinical
trials has tended to plateau in the last few years.
The arrival of fludarabine, a relatively non-toxic
but effective drug for a common malignant haema-
tological condition which is difficult to treat,
chronic lymphatic leukaemia, is welcome. A Phase
I study of fludarabine phosphate,32 has outlined its
use by a loading dose and continuous infusion
schedule. An earlier drug, vidarabine, was synthe-
sized as a potential anticancer agent, but was
limited by its poor solubility and rapid deamina-
tion to a less active compounds. A fluorinated
derivative of vidarabine was synthesized and was
found to be resistant to deamination. The com-
pound was 9-bd arabinofuranosyl 2-fluoroadenine
(2f-ara-a), which was even more soluble when
phosphorylated. Activity was noted against a wide
range of tumours in early studies, and the com-
pound was also found to be relatively non-toxic.33'34

Leiby et al.32 used a 20mg/m2 loading dose
followed by a continuous intravenous infusion of
30 mg/m2 in 24 hours for a total duration of 48
hours. Courses were given every 21 days. The
loading dose was not increased, but the infusion
rate was increased to 45 mg/m2 in 24 hours. At the
latter dose leucopenia occurred. Other toxic effects
were mild nausea, fatigue and diarrhoea. One
patient with non-Hodgkin lymphoma became
stable during the course of therapy.

Keating et al.35 reported the use offludarabine in
chronic lymphatic leukaemia at a dose of
25-30 mg a day for 5 days every 3-4 weeks by
intravenous infusion. Seventy five patients with
chronic lymphatic leukaemia were entered into the
study, ofwhom 47 (63%) were Rai stage III or IV.
Stages, O, I and II were included if they had
progressive disease. Forty two (56%) of the 75
previously treated patients achieved a complete or
partial response. Ten (13%) showed a fall of the
blood count to <4 x 109/l with less than 30%
lymphocytes in the marrow and liver and spleen
becoming impalpable. They had shotty residual
lymphadenopathy. A total of 32 (43%) had a less
complete response. Mean overall survival for the
whole group was 16 months, with those achieving
complete or good partial remission having median
survivals in excess of35 months. The major toxicity
was infection. Thirty one episodes of pneumonia
and 16 minor infections occurred. Neuropathy,
myopathy, muscular weakness were all uncom-
mon. Tumour lysis was noted in 3 patients. Further

studies of untreated patients have shown a good
partial response or complete response in over 70%
of those treated, and the response has been rapid.
Severe neuropathy, which has been such a feature
of the patients treated with the higher doses in
acute leukaemia, has not been seen in these series.
Another way to increase the efficacy of fluda-

rabine was investigated, with prednisolone being
used in combination.36 A total of 50 patients with
chronic lymphatic leukaemia were given fluda-
rabine in a dose of 30 mg/m2/day for 5 days by
intravenous infusion over 30 minutes. For the
duration of the 5-day course, prednisolone was
given orally in a dose of 30 mg/m2. All patients had
been pretreated. Using the same criteria for res-
ponse as given above, 7 (14%) achieved a complete
response, and 23 (46%) a partial response. A rapid
fall in the peripheral lymphocyte count was seen. It
was of interest that the most important deter-
minant for prognosis in these 50 patients was the
level of the serum albumin: those above 40g/l
showing a significantly better survival than those
with less than 40 g/l. In this study, comparing the
results with those of their previous studies, pred-
nisolone did not appear to improve either response
or survival, but since many of their previously
treated patients had already had steroid therapy,
this finding may not be true in previously untreated
patients. Further studies of fludarabine as a single
drug and in combination with steroids in patients
with untreated chronic lymphatic leukaemia will be
of great interest.

What hope for solid tumours?

While it has been possible to be enthusiastic about
some aspects ofthe management ofhaematological
malignancy during recent years, when one turns to
the management of solid tumours, particularly
those that are common, the outlook has remained
distinctly gloomy. Even when modest but statis-
tically significant improvement in disease-free
survival and overall survival has been demon-
strated (for example in a multidrug adjuvant
therapy trial in carcinoma of the colon37) these
responses have been regarded with attitudes that
vary from 'sceptical' to 'hostile',38 and have had
little impact on clinical practice. It seems that
failure is almost expected in these cancers, and it is
important therefore for new and encouraging
results in colon cancer treatment to become more
widely known. It is 20 years since 5-fluorouracil
(5-FU) was established as the most useful drug for
advanced colorectal cancer. When given intra-
venously response rates of 15-20% were seen.
Unfortunately these responses were relatively short
in duration, and the longest were only 6 months.
Many attempts were made, by adding another drug
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such as cisplatin, vincristine, and methyl CCNU to
5-FU, to improve response rates, but these have
generally failed.
5-FU acts by inhibiting DNA synthesis ofcells in

S phase. Colon cancer is a slowly proliferating
tumour, so that opportunity for 5-FU to be active
is relatively infrequent, particularly if it is to be
present in adequate concentrations for only a short
time. Constant infusion of5-FU has been shown to
be about twice as effective in producing responses
as bolus drug in randomized studies.39
5-FU acts by inhibiting thymidylate synthetase.

Folinic acid administration produces an excess of
intracellular reduced folate, which inhibits the
enzyme and adds considerably to the efficacy of
5-FU. Thirty seven patients with advanced measur-
able colorectal cancer were treated with high-dose
folinic acid (200 mg/m2 over 2 hours by infusion)
followed by 5-FU as a bolus (300 mg/m2), and then
a continuous infusion on the next two days.40 This
was repeated 14 days later, and then 14 days after
that. Escalation ofthe dose of5-FU was carried out
if there were no serious side effects on the white cell
count. The successive escalation of 5-FU increased
the dose to 400, then 500 mg/m2. The use of
implantable infusion devices and portable pumps
made the approach tolerable. An overall response
rate of 54% was seen, which in some sub-groups of
patients rose to as high as 61%. This probably
represents the best response rate ever reported with
5-FU, which should obviously be studied in a
randomized trial comparing 5-FU alone, as the
authors suggest. The question is whether this
response rate helps the patient. In these small
series, the median survival was 18 months, with
responders having a median duration of survival of
21 months, approximately double that seen
previously. Again, although it seems likely to be a
result of the therapy, a randomized study is still
necessary to establish this. Response rates and
survival such as these must be confirmed, and if
they are as they seem, this would suggest that a
nihilistic approach is no longer justified.

Furthermore, with objective responses begining
to exceed the 50% level, it is likely that the role of
5-FU and folinic acid in an adjuvant setting after
surgical resection should be reconsidered.

Intensive therapy supported by bone marrow
transplantation
The use of increasingly intensive chemotherapy,
with or without irradiation, supported by either
allogeneic or autologous bone marrow transplan-
tation, is being explored in a variety of malignan-
cies. The underlying principle that there is a
dose-related response to chemotherapy has driven
this expensive and labour-intensive form of treat-

ment. Allogeneic bone marrow transplantation has
been the technique most used in haematological
malignancies, particularly acute myeloblastic and
lymphoblastic leukaemia in both adults and
chidren. It would be expected that by now a clear
statement could be made about the efficacy of this
procedure, and that principles could be deduced
that might help with its application to other
tumours.

Allogeneic bone marrow transplantation as a
method of support is not available to more than
approximately 35% of the population, because of
the absence of a suitable HLA-matched donor.
Higher figures reported by some American centres
reflect referral bias. Secondly, graft-versus-host
disease has not been eliminated, and still accounts
for substantial morbidity and mortality, especially
in older patients. Finally, in the young, dramatic
growth failures, endocrinopathies and gonadal
failure, respiratory and renal complications have
been difficult to counter. When faced with a lethal
disease, these complications might be accepted if it
could be shown that the alternatives are less
effective.
The evidence is difficult to evaluate at the

moment. Iflong-term event-free survival is taken to
equate with cure, there is no doubt that this may be
seen in children and adults with both forms of
leukaemia treated either with intensive
chemotherapy or with intensive therapy supported
by an allogeneic transplant. The difficulty is that
comparisons are impossible because these groups
of patients subjected to one modality of therapy or
another are not directly comparable. It is not
possible to compare adults with acute myeloblastic
leukaemia who are treated with intensive
chemotherapy with those adults treated in the
standard and carefully controlled conditions which
exist in transplant centres, since those treated away
from the centres are likely to show greater variation
in age, intensity of induction therapy, and suppor-
tive care. Even the most committed transplant
enthusiast has to admit that patients are selected.
They have already been shown to have responsive
disease, they are in a good age group, and their
general clinical condition is usually better than that
of patients who are entered on alternative intensive
chemotherapy programmes. Meyer4' in a thought-
ful review compares the best data available on the
alternative approaches to the management of
adults with acute myeloblastic and acute lympho-
blastic leukaemia. This very complex data is pres-
ented in Table I.
The overall impression given by Table I is that

there is no great difference between those patients
given treatment supported by bone marrow trans-
plantation, and those subjected to intensive therapy.
The three within-institutions comparisons42-44 of
intensive therapy with allogeneic bone marrow
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Table I Results from alternative approaches to the management of adults with leukaemia

No. of Probability
Median relapsed of 3-year

follow up Median No. of patients disease-free
Source (months) age patients (%) survival

Acute myeloblastic leukaemia
Allogeneic B.M.T. Seattle >60 -24.5 231 33 (14) ~51
International Bone Marrow Transplant N/A 25.0 704 N/A (20) - 52

Registry
Intensive chemotherapy 42 44.0 118 73 (60) 38

St Bartholomew's Hospital
Wolff et al. 29 34.0 55 19 (35) - 55
Acute lymphoblastic leukaemia
Allogeneic B.M.T., Seattle 47 22.0 34 8 (24) 38
Westminster Hospital 43 26.0 23 7 (30) 44
Intensive chemotherapy >60 25.0 272 156 (57)
West Germany

Memorial Hospital >60 27.0 167 92 (57)
After Mayer (J Clin Oncol

1988, 6: 1532-1536)

N/A = not available

transplantation would suggest that the probability
of 4-year disease-free survival is greater in the
transplant group than the chemotherapy group,
but it has to be remembered that treatment in the
transplant group was rigorously controlled, whilst
the chemotherapy given outside the unit would
undoubtedly be less well controlled, and indeed, in
one of the series, the patients who were trans-
planted included much younger patients than the
group who were not transplanted, which therefore
favoured the transplant group. Attempts to remedy
this unsatisfactory position are now ongoing, and
although large, carefully-controlled studies are not
mature enough to give us an answer, there is a
suggestion45'46 that this information will soon be
available. Preliminary results in adult myeloblastic
leukaemia suggest that patients who follow induc-
tion by intensive therapy together with total body
irradiation and autologous bone marrow trans-
plantation do no better than those treated with
high-dose cytosine arabinoside as consolidation.
Furthermore, ifinduction therapy had been further
intensified, the intensive chemotherapy group
might have done significantly better.
Where there is no clear benefit in terms of

outcome, then a new look at cost/benefit ratio is
important, and nowhere more so than in children.
In a well-argued editorial Pinkel47 considered that
allogeneic bone marrow transplantation in chil-
dren with acute leukaemia was 'a practice whose
time has gone'. Whatever the outcome of the
debate, it is certain that the next few years will see a
greater effort to define the role of standard inten-
sive therapy and intensive therapy supported by
both allogeneic and autologous bone marrow
transplantation.

Consequences of intensive therapy
It is probably appropriate to follow discussion of
one of the most intensive forms of therapy known,
i.e. the use of cytotoxic therapy together with
irradiation, with a short discussion of long-term
sequelae of therapy of malignant disease. A major
concern for the physician, the parent and the child,
is the consequences of cranial prophylaxis against
the recurrence of leukaemia in the central nervous
system. More than 50% of children with acute
lymphoblastic leukaemia will relapse in the central
nervous system if cranial prophylaxis is not given.
The first effective procedure was cranial irradiation
with 2400 cGy and 5 doses of intrathecal
methotrexate.48 Subsequently it has been shown
that cytosine arabinoside, methotrexate and hy-
drocortisone given intrathecally, or high-dose
methotrexate given intravenously with sequential
intrathecal methotrexate, are effective prophylactic
therapies.

It was first thought that cranial irradiation with
intrathecal methotrexate was probably unlikely to
give rise to decreased intellectual function.49 How-
ever, subsequent studies identified impairment of
intellectual function.5"53 Earlier studies are
difficult to assess, because they contain children
from a wide variety ofprophylactic central nervous
system programmes. They often included children
who had had more than one course of therapy, and
took little account of the socio-economic back-
ground of the child.5 Indeed, in some studies there
seemed to be no difference in intellectual function
between children having prophylactic therapy for
central nervous system leukaemia, and children
who had been hospitalized for cancer therapy
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which did not involve central nervous irradiation."
It is still not clear whether prophylaxis does
significantly affect the intellect of the child treated
with one course of cranial prophylaxis, while there
is considerable evidence that this is probably true in
the child under the age of three. It has been
accepted that intellectual deficit is seen more fre-
quently in patients treated with cranial irradiation
and intrathecal methotrexate rather than int-
rathecal methotrexate alone, or high-dose
methotrexate alone. Carefully controlled studies
have been reported,56 in which memory has been
examined in children randomized to receive either
cranial irradiation 1800cGy with intrathecal
methotrexate, or intravenous methotrexate
together with high-dose methotrexate. The study
groups were carefully selected so that they con-
tained no children with central nervous system
disease at the start of the study. They were all
studied on the same protocol, and were matched
for social background. The children were examined
some 5 years after they had had cranial pro-
phylaxis. No difference was detected between the
groups in full scale IQ or a battery of 16 memory
tests. Furthermore, there appeared to be no in-
creased adverse effects with younger onset of
disease, in contradistinction to most series. They
chose to examine memory further, because this is a
most sensitive indication of learning aptitude
which depends less heavily on previously-acquired
knowledge than IQs. They again could detect no
difference between the two groups. However, when
the groups of leukaemic children were combined
and compared to their normal peers, there
appeared to be a significant decrease in spatiovisual
memory and four scales of verbal memory. The
authors, however, concluded that adequate
academic, social, behavioural and intellectual
development is possible in long-term survivors of
acute lymphoblastic leukaemia 5 years after central
nervous system prophylaxis, .whether or not they
received 1800cGy cranial irradiation as pro-
phylaxis.

Studies using computed tomographic (CT) scan-

ning of the brain have previously noted a number
of abnormalities in children who have cranial
irradiation as prophylaxis.57 These abnormalities
have been correlated with impairment of cerebra-
tion, such as memory disturbance;58 other studies in
children who have had cranial irradiation and
intrathecal methotrexate as prophylaxis showed
lower frequencies ofCT scan abnormalities, and in
one series59 no abnormality was noted in 27/27
children. In other studies done recently, the
incidence has also been very low.
The changes reported have mostly affected the

white matter, and as magnetic resonance imaging
has been shown to be superior to CT scanning in
detecting white matter changes, the findings of

magnetic resonance imaging (MRI) in central
nervous system (CNS) leukaemia are of great
interest.6 MRI was used to investigate ten survi-
vors of acute lymphoblastic leukaemia who receiv-
ed intrathecal methotrexate and either 1800 or
2400cGy to the brain. At the same time they
combined neuropsychological testing. MRI was
normal in 9/10 patients. White matter tracts were
normal, although in their testing some cognitive
functions were impaired. However, the study ofthe
cognitive functions could be criticized in that it
compared results in these children with national
standards, and not with sibs or children who had
experienced prolonged illness. It would seem incre-
asingly evident that parents and the children who
have received these courses of standard prophylac-
tic CNS treatment can be reassured about the low
incidence of any objective brain abnormality, and
that intellectual, social or behavioural develop-
ment will allow a normal life.

Imaging disease

The breathtaking speed of development of CT and
MRI in recent years, and the clarity and accuracy
of the images produced have perhaps made us tend
to forget that these techniques do produce a world
of shadows and with CT, at least, as far as cancer
tissue is concerned, little hint as to whether the
tumour is viable or not.

Techniques that have been available much
longer may still have a useful role to play. Gallium
67 (GA) scanning has been the subject of contro-
versy in the past insofar as the management of
lymphoma is concerned. GA is taken up by active
Hodgkin's tissue, and a sensitivity of detection of
66% is recorded for lymphoma in the chest using
GA and plain imaging.6' These authors claim that
this may be increased to 96% by the use of simple
photon emission computed tomography.

Anecdotes of cases of human disease in which
GA is a better indicator of tumour viability than
the presence of a tumour mass on scanning may be
found in the literature.6263 It is many people's
experience in treating Hodgkin's disease with med-
iastinal lymphadenopathy that when the disease
appears otherwise to have responded completely,
either plain chest X-ray or CT scanning reveals a
persistent mediastinal mass. What does this repre-
sent, and how in particular can one determine, in an
area which is not easily accessible for biopsy, what
is actually present?

Israel et al.64 have used GA to monitor lymph-
oma response in 25 patients withGA avid tumours,
and compared body CT, chest radiographs and
physical examination of tumour infiltrated with
peripheral lymph nodes. GA imaging was negative
in 95% (20/21) ofthe patients who were considered
clinically to be in remission and in whom treatment

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.66.772.80 on 1 F

ebruary 1990. D
ow

nloaded from
 

http://pmj.bmj.com/


ONCOLOGY 89

was stopped. The disease did not recur in 15
patients who were followed between 12 and 26
months. In the other 6 patients, disease recurred
3-12 months after stopping treatment, and on
each recurrence the GA became positive at the time
ofdiscovery ofdisease. Based on CT examinations,
only 11 patients would have been considered to
have achieved remission. The specificity forCT was
57%. Similar specificities for chest X-ray of 55%
were noted. Thus these studies confirm the views of
many clinicians that many mediastinal masses
detected on CT or chest X-ray after effective
therapy are in fact fibrotic and necrotic tissue only,
and this study64 has been one of the first systematic
studies to show this and to demonstrate that GA
imaging is useful in monitoring lymphoma res-
ponse to treatment.

In a recent study,65 in which gallium scanning
was used to investigate residual mediastinal disease
in children treated for Hodgkin's disease, 37/46
(80%) were positive, and 9/46 (20%) were negative
in the mediastinum. At the completion of 8 courses
of MOPP ABVD prior to low-dose total nodal
irradiation, 23/37 patients with initially positive
gallium scans had them repeated as part of their
clinical re-staging evaluation. Twenty ofthe twenty
three (87%) had had a conversion of an initial
positive scan to a negative scan, whilst 3 remained
positive. In 13 of the 20 patients whose scans
became negative, the result was consistent with a
clinical complete remission, and compatible with
the normalization of the CT scan of the chest. In 7,
although the gallium scan was negative, the CT
scan continued to demonstrate residual medi-
astinal disease. All 7 of these patients had a biopsy
performed, and this showed no evidence of Hodg-
kin's disease. They conclude that the gallium scan
was a more accurate predictor of residual medias-
tinal disease than the CT scan in the subset of
patients who convert from gallium positivity to
negativity. In the 20 patients whose scan became
negative, 2 have had recurrence of their Hodgkin's
disease. In the 3 patients whose gallium scan
remained positive, and who had a mediastinal mass
on CT scan, one had a biopsy that was positive for
disease. The other 2 have either relapsed or died.
Again, it would appear that gallium scanning is of
considerable help in their therapeutic dilemma.

Supportive care

Antibiotic therapy
Infection is among the chief causes of morbidity
and mortality with intensive chemotherapeutic
regimens. The development of antibiotics which
are effective against Gram-negative organisms,
resistant Gram-positive organisms, and some

fungi, has enabled deaths from infection with these
organisms to be considerably reduced. Viral infec-
tion with herpes simplex and zoster viruses has also
been controllable with the successive introduction
of vidarabine and, more recently, acyclovir. Intra-
venous administration of acyclovir, which is a
selective and specific inhibitor of viral replication,
has produced many advances in the control of
herpes simplex and varicella.6667 Cytomegalovirus
is, however, one pathogenic virus that has remain-
ed resistant to therapy until recently.

Cytomegalovirus is a herpes virus which be-
comes latent after primary infection, but can be
provoked into activity during periods of immuno-
suppression consequent on bone marrow trans-
plantation, intensive chemotherapy for a long
period, or from acquired immunodeficiency syn-
drome (AIDS). In these clinical settings, choroi-
doretinitis, pneumonitis (often associated with
Pneumocystis carinif), and infection of the gastro-
intestinal tract can occur. Sight may be impaired,
and blindness result from cytomegalovirus infec-
tion ofthe retina. In cytomegalovirus pneumonitis,
which proceeds to hypoxia, recovery is rare.68'69
Cytomegalovirus can affect the whole ofthe gastro-
intestinal tract, causing nausea, vomiting, diarr-
hoea and abdominal pain, and lesions can be seen
in the wall of the oesophagus and colon. Ganci-
clovir [9-(2 hydroxy-l-hydroxymethyl) ethoxy-
methyl guanine], formerly known as DHPG, is
cyclic analogue ofthymidine active against all herpes
viruses. It is structurally similar to acyclovir,
differing only in the addition of a terminal hydroxy-
methyl group (Figure 9). Ganciclovir is convert-
ed first to the triphosphate, which is a potent
inhibitor of viral DNA polymerase. The drug is
converted very rapidly to the monophosphate by
thymidine kinase, and then to the triphosphate,
and this occurs particularly in cytomegalovirus
infected cells, for reasons which are presently
unknown. Whatever the reason, the effect is specific
because normal cells are not affected. The drug is
excreted virtually unchanged in the urine. The
commonest toxic effect is neutropenia, occurring in
40% ofpatients treated. Thrombocytopenia occurs
in about 20%, and various manifestations of
central nervous system disorders occur in about
9% of patients, and these include headaches,
dizziness, anxiety states, drowsiness, confusion and
hallucination. In a very small number of patients, a
wide variety of symptoms have occurred in the
alimentary, cardiovascular and respiratory sys-
tems, making it a drug which should only be given
with a degree of caution to probable or confirmed
cases of the disease. Critical reviews are now
available.70'7 There would seem to be good
evidence that sight may be saved by its use in
cytomegalovirus infection of the retina, and
improvements in 30/41 patients with cytomega-
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Figure 9 Structural formula of ganciclovir and its
relation to the other antiviral agens such as acyclovir.

lovirus oesophagitis, proctitis and enteritis are
recorded with ganciclovir.72 Responses in the lethal
pneumonia remain largely anecdotal, because it
occurs so frequently in association with Pneumo-
cystis carinii and it is difficult to isolate cytomega-
lovirus from the lung and to be certain of the
diagnosis. There is a need for carefully constructed
controlled trials of therapy. Nevertheless, this drug

and another potent inhibitor of herpes virus DNA
polymerase, trisodium phosphonoformate (Fos-
carnet) are opening the door to the control of this
infective agent.

Treatment ofhypercalcaemia

Hypercalcaemia is a complication of malignant
disease which is now undergoing a significant
change in management. A recent review73 noted
that malignancy accounts for about half the cases
of hypercalcaemia, that 5% of patients with malig-
nant disease develop it at some stage oftheir illness,
and that carcinoma of the breast, carcinoma of the
lung and myeloma are frequently complicated and
may present with the usual cluster of non-specific
symptoms such as fatigue, anorexia, constipation,
polydipsia, nausea, vomiting and loss of strength.
The multitude of therapies used so far have not
always been effective, but more recently reliable
agents have become available. These are the
biphosphonates, etidronate disodium and clod-
ronate, the former generally available and the latter
on a clinical trial certificate. These agents inhibit
bone resorption and prevent osteolysis due to a
direct inhibition of the action of osteoclasts. Table
II shows the features of etidronate and clodronate.
Neither is particularly well absorbed orally, but
clodronate, if given in sufficient quantity, can be
effective by mouth and has no unpleasant side
effects. In order to obtain the most rapid effect,
etidronate should be given intravenously over a
period longer than 2 hours. Pain relief can be
obtained with both etidronate and clodronate, and
prompt and sustained control of hypercalcaemia
has been noted.

Etidronate used intravenously in a daily dose of
7.5 mg/kg body weight for 5 days was compared
with a placebo in 20 patients with malignant
disease complicated by hypercalcaemia.73 The etid-
ronate was given by infusion intravenously for
2.5-3 hours. All patients were given 3000 ml of
intravenous saline daily and 40 mg frusemide daily.
Eighteen patients completed the study. Eleven of
the 12 patients (92%) treated with etidronate
attained normo-calcaemia compared to 2/6 (33%)
in the placebo group. This was significant
(P = 0.05). Renal calcium excretion decreased in
the etidronate group, but not in the placebo group.
Heath74 uses this regimen together with potassium
supplements, and notes that it is nearly always
effective. This is better than the results achieved
with steroids, which are much less effective, fre-
quently delayed in action, and give rise to side
effects including the problems secondary to fluid
retention when given to elderly patients. Disodium
etidronate is not effective orally and almost cer-
tainly does not replace calcium lost from the bones.
Clodronate was first introduced in the early
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Table II Biphosphonate therapy in myeloma - etidronate and clodronate

Admin. Effect ofpain Hypercalcaemia Bone resorption Bone resorption

Etidronate Intravenous + + +
(prompt)

Clodronate Oral and + + + + + +
intravenous

'80s,75'76 and then withdrawn because offears about
carcinogenicity. Clodronate would not only be
effective orally, but might produce restoration of
calcium to the skeleton. Clodronate is now being
re-evaluated following the reappraisal of the
evidence for carcinogenicity, which could not be
substantiated, and it may well in the future be the
treatment of choice for malignant hypercalcaemia.

Conclusion

Cancer still presents an intractable problem. The
bystander must feel, quite justifably at times, that
the vast investment that has been made in the
scientific understanding of the cancer cell, and the
various modalities which can kill it, have given little

practical reward so far. This might be a reason for
writing an annual report, for reading even some of
the references relating to the molecular biology of
the cancer cell cannot but give an appreciation of
how detailed and accurate our knowledge of this
subject is becoming. It is inconceivable that the
next few years will not show some major advance in
our ability to manipulate the intimate control of
these cells. Meanwhile, some cancers are being
cured, and many palliated. This article has
recorded some examples where, within the last
year, there have been significant advances.
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