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basis of any mass screening programme for the earlier detec-
tion of colon cancer. At that time, too, attention was focused
on C.E.A. in bladder cancer, but now it seems that C.E.A.
measurements in the urine offer little additional assistance to
its management. Have the past two years provided reason to
sustain our interest in this test, or is it still too susceptible to
the vagaries of individual variation to make it a practical
proposition ?
A recent conference on colorectal cancer held in Leeds pro-

vided a chance to take stock of how the C.E.A. test might help
the surgeon assess the prognosis and manage the follow-up of
patients with cancer of the large bowel. At present, this whole
topic is the subject of a combined Medical Research Council-
Department of Health trial, and no doubt the results will not
be available for another year or two. There are now a few
supraregional centres in Britain providing the C.E.A. test on
request, and it seems that the real advance in clinical practice
is the use of C.E.A. plasma levels measured repeatedly over
one or two years after excision of a colorectal cancer. Sorokin
et al.2 followed 102 patients who had undergone potentially
curative surgery and found progressively rising C.E.A. titres
in six of them who were asymptomatic and in whom extensive
clinical examination revealed metastases. The C.E.A. titre
remained raised for as long as 29 months before the diagnosis
was confirmed in one case. They also described a further six
patients with stable elevation of C.E.A., three of whom had
evidence of liver disease. Professor A. M. Neville reported to
the conference observations of 220 patients with apparent
successful resections followed for two years. Progressive rises
in the C.E.A. level due to metastases occurred in 26 patients,
with a lead time of nine to 18 months ahead of confirmation of
the diagnosis. In a further 10 patients rising titres were noted
synchronously with clinical detection of tumour. In a further
17 patients the C.E.A. level is raised but they are asymptomatic
and so far without clinical evidence of tumour. In the British
trial a raised C.E.A. has not been an indication for an intensive
investigation, so the data on lead time relates to standard
practice in the follow-up clinics. Similar results were given by
Dr. P. Dykes from Birmingham, where again the experience is
that a persistent postoperative raised C.E.A. or a rising titre
indicates recurrence or metastases.
The pattern of change in hepatic metastases is becoming

clearer. Small metastases discovered at laparotomy may at
first produce no change in the C.E.A., while later both the
C.E.A. and plasma gamma glutamyl transpeptidase levels
begin a progressive rise, sometimes simultaneously, sometimes
one before the other; and finally the classical liver function
tests become abnormal, often preceded by changes in the
C.E.A. and G.G.T. for many weeks.
The increase in C.E.A. produced by non-hepatic metastases

and local recurrence is less marked, and the tests available so
far are not as reliable as an early warning system as they are for
hepatic metastases. It is still too early to say what clinical
significance should be given to a finding of a moderate pre-
operative elevation of C.E.A. in a primary colorectal cancer.
A large series of patients and long follow-up will be needed for
this question to be answered. It is, however, clear that high
preoperative C.E.A. values (150 ng/ml) are almost invariably
associated with coincidental metastases or metastases becoming
evident within a year. Though C.E.A. is non-specific, repeated
measurements and the study of the pattern of change in titre
compensate for this lack of specificity. Transient rises are of
no diagnostic significance. Patients in whom metastatic
colorectal cancer is the cause for a raised C.E.A. eventually
pass through the grey zone of intermediate levels (which are

the major source of confusion when C.E.A. is used as a
diagnostic test). Everyone at Leeds agreed that random
observations were of far less value than serial observations in
individual patients.
The C.E.A. test has already proved that it can be used for

the earlier detection of metastases from large bowel cancer,
especially when they affect the liver. There is a suggestion it
might be helpful in monitoring chemotherapy in gastro-
intestinal cancer.3 Unfortunately, though the metastases can
be detected earlier, there is as yet no really effective therapy.
These studies confirm that the asymptomatic period of hepatic
metastases can last for many months; the dilemma is to know
whether any treatment given at the stage when the C.E.A.
begins to rise could be beneficial to the patient.

1 British Medical Journal, 1972, 3, 600.
2 Sorokin, J. J., et al., Journal of the American Medical Association, 1974,

228, 49.
3 Skarin, A. T., et al., Cancer, 1974, 33, 1239.

Parents and Longevity
The recipe for a long life is made up of ingredients which
differ according to the population studied. The long-lived
inhabitants of Vilcabamba in Ecuador are vegetarians who
indulge in vigorous physical activity but smoke up to 60
cigarettes a day, while their counterparts in Abkhazia in
Georgia eat and drink heartily and are sometimes obese.'
These and other communities of Methuselans share the

view that it is an advantage to have long-lived parents. Belief
is one thing but it is quite another to provide scientific evidence
because of the complex factors involved in longevity. An
attempt has recently been made by Abbott et al.2 to assess
the importance of a familial component in longevity in a
nonagenarian population in North America. They were
fortunate in having available data from a pioneer study carried
out by Pearl and Pearl3 in the 1930's of the parents and grand-
parents of 2,319 nonagenarians and were able to trace the
complete families of 1,766 of the original probands-a re-
markable achievement 40 years after the original study. This
provided them with a total of 9,205 offspring almost equally
divided between the sexes. Considerable thought was given
to the use of controls, but it was eventually decided not to
compare a group whose parents had died at a younger age
because of the large numbers needed and the difficulties of
obtaining information as far back in time as that collected by
the Pearls. (Abbott et al. concede, however, that such com-
parisons are needed as well as studies of families with one
and both parents of advanced age.)

In order to unmask a genetic component in longevity it
was therefore necessary to study the relationship between
the mean survival of progeny and the age at which the non-
proband parent died-using the proband was pointless since
there was little variance in age at death among people who
were aged 90 or over. As longevity is commoner in women
than in men it was also necessary to take into account the
sex of both parents and progeny. The data were analysed
by decade of birth in order to determine secular trends in
mortality, and were re-examined after removing people who
had died from trauma, infections, and unknown causes and
those still alive at the end of the study, so as to exclude as
far as possible environmental factors.
The results of this painstaking study showed that there

was a definite tendency for offspring of long-lived parents to
survive longer in all groups (except for daughters of non-
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proband fathers). The trend was most apparent in relation
to the mother's age at death and for males. It persisted when
environmental factors were excluded, but, as might be ex-
pected, a secular trend of increasing survival was also evident.
When curves of survival were constructed it was clear that the
main reason for longevity was a diminished rate of decay in
middle age rather than excessive prolongation of the range
of life.

It is impossible to do more than speculate about the mean-
ing of these findings. There is no precedent in man for the
inheritance of phenotypes, either by Mendelian or chromo-
somal mechanisms, which increase the fitness of the in-
dividual; and Galtonian multifactorial traits, though more
promising, would not explain sex differences between parents
and children. Cytoplasmic inheritance, at present conjec-
tural in man, might fit the facts, since cytoplasm is derived
principally from the mother and maternal influence on
longevity appears to predominate. Even so a cultural rather
than genetic effect might be responsible, because the mother
may contribute more than the father to personal habits in
diet, behaviour, and attitudes to life. When additional fac-
tors such as climate, occupation, economic status, and local
patterns of morbidity are considered, the difficulties of un-
ravelling what the authors call these "confounding" mechan-
isms are enormous. Nevertheless, further work is under way,
and the possibility of translating traditional beliefs into hard
fact will be eagerly awaited.
'Journal of the American Medical Association, 1973, 224, 1289.
2 Abbott, M. H., et al., The J7ohns Hopkins Medical J'ournal, 1974, 134, 1.
3 Pearl, R. and Pearl R. de W., The Ancestry of the Long-lived. Baltimore,

Johns Hopkins, Press, 1934.

Haemoperfusion for
Jaundice
It has always been difficult to understand how the parenchymal
cells of the liver are able to remove unconjugated bilirubin
from blood. Bilirubin is insoluble in water at physiological
values ofpH and is firmly bound to albumin. It will not dialyse
through a semipermeable membrane from plasma,1 and it
cannot, therefore, simply diffuse into liver cells. Nevertheless
normally about 3% of the bilirubin in blood is removed by a
single passage through the liver,2 this clearance being so low
partly because there is simultaneous reflux of some unconju-
gated bilirubin back out of liver cells into the blood.3 For some
time research workers have been trying to reproduce this
process in the laboratory.

In their work on the removal from blood of protein-bound
toxins that accumulate in liver failure, Willson et al.4 studied
the binding of bilirubin to ion-exchange resins. Bilirubin is a
dicarboxylic acid and might, therefore, be expected to bind to
positively charged, or anion-exchange, resin particles; and
they were indeed able to remove bilirubin and bile salts from
blood perfused through columns of resin particles (haemoper-
fusion)-presumably because in their passage through the
column bilirubin molecules came into direct contact with, and
adsorbed to, the surface of the particles. The mechanism may
be similar to that occurring in the liver, where bilirubin must
come into contact with the cell membranes of the liver blood
sinusoids.
Column haemoperfusion is not new. Columns of negatively

charged (cation-exchange) resins have been used in man to
remove positively charged ammonium ions in liver failure5 and

drugs after overdosage,6 and particles of activated charcoal
have been used to treat uraemia.7 The technique of connecting
the columns to two venous catheters is at least as simple as that
for haemodialysis. These particles, however, are not, in the
jargon, "biocompatible": their surface severely damages red
cells and platelets. To prevent this, various types of thin
membranes such as collodion8 or Polyhema9 have been applied
to the particles (jargon: "microencapsulation"). The capsules
allow diffusable substances to pass through to the particles
inside but, not surprisingly, prevent strongly protein-bound
substances, such as bilirubin, from binding to the particles.
How, therefore, can protein-bound substances also be removed
without damaging the formed elements of the blood ? Possible
answers include the coating of particles with a membrane that
contains pores'0 large enough to expose the surface to albumin-
bound bilirubin and yet small enough to exclude platelets and
red cells, or with a charged biocompatible membrane'1 to
which bilirubin may bind and then pass on through.
Two recent papers,12 13 however, have described the removal

of bilirubin by a completely different type of particle. Albumin
was bound to agarose beads by a technique for coupling
proteins to insoluble polysaccharides,14 and bilirubin was
effectively removed from blood passed in vitro through a
column of these beads without damaging either red cells or
platelets. The investigators also described the removal of
unconjugated bilirubin from Gunn rats, and, less effectively,
of conjugated bilirubin from rats with biliary obstruction.
Rats of the Gunn strain have a moderate unconjugated
hyperbilirubinaemia because they lack the hepatic microsomal
enzyme that conjugates bilirubin with glucuronic acid before
its excretion as conjugated bilirubin into bile.'5 Two important
features ofthese columns are that they are likely to be safe, and
that they selectively remove only those substances that bind to
albumin.

Are these interesting experiments relevant to man? There
are a few children with an enzyme defect similar to that of the
Gunn rat, and those most severely affected develop irreversible
brain damage or kernicterus in infancy from their very high
blood levels of unconjugated bilirubin.16 These authors
suggest that weekly haemoperfusion (for a period shorter than
that at present required for maintenance haemodialysis in
chronic renal failure) would sufficiently lower the blood
bilirubin levels in these children. Though the validity of such
calculations is for several reasons open to doubt, these results
with a new type of column are certainly exciting. A more
common clinical problem is the treatment of deep conjugated
hyperbilirubinaemia and persistent itching due, for instance,
to prolonged cholestasis from carcinoma of the biliary tree or
primary biliary cirrhosis. The distressing symptoms of these
patients could be alleviated by such haemoperfusion-though,
compared with bilirubin, bile salts, which probably cause the
itching, bind less firmly to albumin and are not so well removed
by the agarose-bound albumin columns.'2
Column haemoperfusion with particles of charcoal coated

with polyhema are also being used for the treatment of fulmi-
nant liver failure due to viral hepatitis or overdosage with
paracetamol. Here investigators labour under the difficulty of
not having the least idea which of the many substances that
accumulate in the blood in liver failure are important in
causing hepatic encephalopathy. But initial results in this
unpredictable condition have been sufficiently encouraging to
await the results ofcontrolled trials with interest. Two columns
may prove to be needed fully to reverse liver failure, one
column for removing water-soluble toxins and the other, such
as a column of agarose-bound albumin, for protein-bound
compounds.
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