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disease over 10 years [21], a clean colon at this age might

mean that no further follow-up is needed. For high-risk group

screening, the most pressing need is for methods to accurately

quantify an individual’s risk of subsequent cancer. Genetic

markers may be useful in this respect. Screening may then be

tailored according to individual risk either by changing the age

at which screening starts, the frequency of testing or finally by

employing more sensitive tests, either alone or in combination.

The converse of this may be the identification of a population

subset with a particularly low risk of the disease who do not
need to be screened at all.

J.D. Hardcastle

M_.H.E. Robinson

Department of Surgery

University Hospital

Queens Medicat Centre

Nottingham NG7 2UH

U.K.

1. Office of Population Censuses and Surveys. Mortality Statistics 1988,
Series DH2, 1S. London, HM Stationery Office, 1990.

2. Stower M]J, Hardcastle JD. The results of 1115 patients with
colorectal cancer treated over an 8-year period in a single hospital.
Eur ¥ Surg Oncol 1985, 11, 119-123.

3. Morson BC. Evolution of cancer of the colon and rectum. Cancer
1974, 34, 845-849.

4, Fearon ER, Vogelstein B. A genetic model for colorectal tumori-
genesis. Cell 1990, 61, 759-767.

5. Cannon-Albright LA, Skolnick MH, Bishop DT, Lee RG, Burt
RW. Common inheritance of susceptibility to colonic adenomatous
polyps and associated colorectal cancers. N Engl ¥ Med 1988, 319,
533-537.

6. Atkin WS, Morson BC, Cuzick J. Long-term risk of colorectal
cancer after excision of rectosigmoid adenomas. N Engl ¥ Med
1992, 326, 658-662.

7. Wilking N, Petrelli NJ, Herrera-Ornelas L, Walsh D, Mittelman
A. A comparison of the rigid proctosigmoidoscope with the 65 cm
flexible endoscope in the screening of patients for colorectal carci-
noma. Cancer 1986, 57, 669-671.

8. Hertz REL, Deddish MR, Day E. Value of periodic examination

Eur ¥ Cancer, Vol. 284, No. 11, pp. 1780-1783, 1992.
Printed in Great Britain

J.D. Hardcastle and M.H.E. Robinson

in detecting cancer of the rectum and colon. Posigrad Med ¥ 1960,
27,290-294.

9. Selby JV, Friedman GD, Quesenberry CP, Weiss NS. A
case—control study of screening sigmoidoscopy and mortality from
colorectal cancer. N Engl ¥ Med 1992, 326, 653-657.

10. Greegor DH. Occult blood testing for detection of asymptomatic
colon cancer. Cancer 1971, 28, 131-134.

11. Stroehlein JR, Fairbanks VF, McGill BD, Go VLW. Haemoccult
detection of faecal occult blood quantified by radioassay. Am ¥ Dig
Dis 1976, 21, 841-844.

12. Church TR, Mandel JS, Bond JH, e a. Colon cancer controi study:
status and current issues. In Miller AB, Chamberlain ], eds. Cancer
Screening. Cambridge, Cambridge University Press, 1991, 83-106.

13. Kewenter J, Bjork S, Haglind E, Smith L, Svanvik J, Ahren C.
Screening and rescreening for colorectal cancer in 27,700 subjects.
Cancer 1988, 62, 645-651.

14. Flehinger B], Herbert E, Winawer SJ, Miller DG. Screening for
colorectal cancer with fecal occult blood test and sigmoidoscopy:
Preliminary report of the colon project of Memorial Sloan-Kettering
Cancer Centre and PMI-Strang Clinic. In Chamberlain J, Miller
AB, eds. Screening for Gastrointestinal Cancer. Toronto, Huber,
1988, 9-16.

15. Kronborg O, Fenger C, Olsen J. Interim report on a randomised
trial of screening for colorectal cancer with Haemoccult-II. In Miller
AB, Chamberlain ], eds. Cancer Screening. Cambridge, Cambridge
University Press, 1991, 126-131.

16. Hardcastle JD, Thomas WM, Chamberlain ], et al. Randomised
controlled trial of fecal occult blood screening for colorectal cancer.
The results of the first 107,349 subjects. Lancet 1989, i, 1160-1164.

17. Morris ]B, Stellato TA, Guy BB, Gordon NH, Berger NA. A
critical analysis of the largest reported mass faecal occult blood
screening program in the United States. Am ¥ Surg 1991, 161,
101-106.

18. Office of Technology Assessment, US Congress. Costs and Effective-
ness of Colorectal Cancer Screening in the Elderly—Background Paper.
Washington DC, US Government Printing Office, 1990.

19. Eddy DM. Screening for colorectal cancer. Ann Intern Med 1990,
113, 373-384.

20. Ransohoff DF, Lang CA. Screening for colorectal cancer. N Engl ¥
Med 1991, 325, 37-41.

21. Walker A, Whynes DK, Chamberlain JO, Hardcastle JD. The cost
of screening for colorectal cancer. ¥ Epidemiol Community Health
1991, 45, 220-224.

22. Stryker SJ, Wolff BG, Culp CE, Libbe SD, Ilstrup DM. Natural
history of untreated polyps. Gastroenterology 1987, 93, 1009-1013.

0964-1947/92 85.00 + 0.00
© 1992 Pergamon Press Ltd

Cathepsin D in Breast Cancer: A Tissue Marker
Associated with Metastasis

BREAST CANCER Kills via its metastatic potential and removal of
a primary tumour is not always sufficient to cure a patient
who may develop distant metastasis. Tumour size and node
invasiveness are the most potent classical prognostic markers
for predicting tumour aggressiveness. However, in 20-30% of
node-negative patients, breast cancer will relapse and new
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predictive markers are required to help in making treatment
decisions[1].

10 YEARS OF RESEARCH ON CATHEPSIN D IN
ONCOLOGY
The first biologically active molecular markers used were
oestrogen receptors (ER) and progesterone receptors which are
now routinely assayed in the cytosol of primary tumours.
Since about 30% of oestrogen receptor-positive tumours are
unresponsive to hormone therapy, our laboratory searched for
better hormone responsiveness markers and found a 52 kD
protein secreted by metastatic breast cancer cell lines and
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Table 1. Prognostic value of cathepsin D level in breast cancer cytosol (multivariate analysis)

P value (Cox)
Median Cut-off
follow-up Number (pmol/mg  Relapse- Overall

References (month) of patients Group protein) free survival survival

1. Thorpe et al. (Copenhagen) 72 396 Pre-men. 78 0.06 0.3
Cancer Res 1989, 49, 6008. Post-men. 24 0.039 0.089

2. Spyratos et al. (St Cloud) 54 120 Total 45/70  <0.001/<0.001 NS/0.04
The Lancet 1989, ii, 1115. N- 45/70  <0.01/0.001

3. Tandon et al. (San Antonio) 84 188 N- 75* <0.0001 <0.0001
N Engl ¥ Med 1990, 322, 297.

4. Romain et al. (Marseille) 58 85 N+ 30 NS 0.019
Bull Cancer 1990, 77, 439.

S. Duffy et al. (Dublin) 48 331 Total 40 0.062 0.03¢
Clin Chem 1991, 37, 101.

6. Namer ez al. (Nice) 84 413 Total 35 - 0.02
Breast Cancer Res Treat 1991, N+ 35 0.03 0.008
19, 85.

7. Granata et al. (Milan) 87 199 ER+ N- 40 0.02 0.01
Eur ¥ Cancer 1991, 27, 970.

8. Kute ez al. (Winston Salem) 29 165 N- 62 0.02 0.003
Cancer Res 1991, 32, 164.

9. Pujol et al. (Montpellier) 60 123 Total 20 0.015 NS
Submitted N+ 0.015 0.009

*In arbitrary units; funivariate analysis.

Men., menopausal; NS, not significant; N, axillary lymph nodes; All studies (except nos 1, 3 and 9) have been performed
with a similar double-determinant immunoassay using D7E3 and MIG8 monoclonal antibodies and ELISA (1 and 10) or
IRMA (Elsa cath-D kit) quantification. Study 3 quantified only the mature form 34K by western blot using polyclonal
antibodies. Study 1 and 9 used a less sensitive ELISA than the commercial kit, giving median value of 20.

Total number of patients with clinical follow up: 2020.

identified it as pro-cathepsin D [2]. Two monoclonal antibodies
to this protein obtained from MCF7 cells (M1G8 and D7E3)
have been used to develop a sandwich double-determinant
immunoassay to measure the total concentration of the enzyme,
including procathepsin-D (52 kD), the intermediate form
(48 kD) and mature form (34 kD + 14 kD) [3].

Molecular and cell biology studies have shown that this
enzyme is able to proteolyse several substrates including base-
ment membrane and precursors of other proteinases if it is
activated in an acidic micro-environment {4], and to stimulate
breast cancer cell growth in vitre [S].

This enzyme is generally overexpressed in breast cancer cells
under oestrogen stimulation in ER-positive cells and constitut-
ively overexpressed in ER-negative cells [2]. Several centres well
trained in steroid receptor assays, starting from tumour or
cytosol banks, have carried out retrospective clinical studies
which revealed that high cathepsin D concentration in breast
cancer cytosol is associated with increased risk of developing
metastasis [6-8].

A recent prospective study on 123 patients from the Cancer
Center of Montpellier confirms these results, even though the
prognostic value according to the Cox model was only significant
in node-positive patients. Currently, at least 10 different clinical
studies have shown that cathepsin-D status is a significant
prognostic variable, even when associated with the most potent
classical parameters such as node invasiveness (Table 1).

CATHEPSIN D ASSAY FOR CLINICAL ROUTINE OR
CLINICAL RESEARCH USE?
A few major criteria should be considered in introducing a
new prognostic marker for routine clinical use (Ingle and NIH

Consensus Panel 1991). Cathepsin D fulfills most of these
criteria.

First, cathepsin D is generally independent of other markers
(steroid receptors, S-phase, node invasiveness, histological grade
and tumour size) and, therefore, provides additional infor-
mation.

Secondly, its predictive value has been validated in clinical
studies performed independently in several different countries
(Table 1). The fact that its prognostic value is, according
to studies, more significant in node-negative or node-positive
patients is not understood. It might be due to differences in
the adjuvant therapy protocol or in the genetic or nutritional
environment of the popuiation.

Thirdly, it provides information on one biological aspect of
tumours. Cathepsin D appears to be more correlated with
metastasis than with local invasion or cell proliferation.

Fourthly, an immunoassay is commercially available, easy to
perform and reproducible with satisfactory quality control. In
this journal, T. ]J. Benraad et al. recently reported the first
quality control of the cathepsin D assay by the EORTC study
group [9]. They concluded that the commercially available
cathepsin D kit (Elsa-cath-p, Cis Bio-International) is reliable
with a low coefficient of variation. Further clinical evaluation of
this new prognostic marker should thus be facilitated. One
major advantage is that cathepsin D can be assayed in cytosol
prepared for steroid receptor assays. It can, therefore, be of
practical use in all laboratories set up to perform receptor assays.
Interestingly, the pS2 protein, also induced by oestrogen in ER-
positive breast cancer but not in ER-negative breast cancer, has
an opposite prognostic significance since it is correlated with
well differentiated tumours of better prognosis.
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OPEN QUESTIONS ON CLINICAL AND BIOLOGICAL
SIGNIFICANCE

We believe that there is now sufficient clinical and biological
evidence to begin using cathepsin D in the routine staging of
breast cancer. This is mostly due to the high practicality
and reliability of the assay, to the potency and nature of the
information which complements that given by the oestrogen and
progesterone receptors assayed in the same cytosol extract. The
fact that this information will be definitively lost if not performed
on the primary tumour also argues in favour of a routine staging.
How the different prognostic factors are interpreted in treatment
decision has been previously discussed [1]. However, as for
many other prognostic factors routinely used including the
oestrogen receptor and histological grade, there are still several
points which require clarification and further clinical and biologi-
cal studies.

Clinical use from a practical viewpoint

Firstly, the best cut-off level varied according to the studies
and it was not clear whether to consider the median value as
around 40-50 pmoles/mg protein or a higher value
(70 pmoles/mg protein) which corresponds to about 25% of
patients with very high cathepsin-D levels.

Secondly, while all studies indicated a worse prognosis in high
cathepsin-D tumours, it is not yet clear whether adjuvant
therapy will be efficient in these high cathepsin-D tumours.
Indeed, cathepsin-D might be associated with chemoresistance
[10]. This might explain the discrepancies in its significance
which were mostly seen in node-negative patients or only in
node-positive patients according to studies (Table 1). There is,
therefore, a need for well-controlled randomised clinical studies
to test the actual benefit of this predictive marker for patients.

Thirdly, with the increasing use of mammography screening
for breast cancer, smaller tumours should also be staged. Reliable
and quantitative immunohistochemical and cytochemical assays
will be required to replace cytosolic assays, and they will have
to be validated as is currently being done for receptor assays
[11].

Fourthly, since cathepsin D is subject to very complex
regulation involving not only oestrogen, but also growth factors
and oncogenes [12], its value should be tested in other solid
tumours able to metastasize.

Cathepsin D expression and metastatic ability
The biological significance of the correlation between high
cathepsin D expression and increased metastatic ability is not
yet clear. Several questions are currently being addressed.
Firstly, since the total concentration of the enzyme is assayed,
is the mature enzyme or its precursor the most potent marker?
A specific assay of pro-cathepsin D using an antibody specific to
the pro-enzyme [13] might provide an answer to this question.
Secondly, since the cytosol contains proteins from several
types of cells, which type of cells are actually overexpressing
cathepsin D in patients? In situ localisation of the protein by
immunohistochemistry and of the mRNA by in situ hybridisation
suggests that tumoral cells are mostly responsible for high
cytosolic concentrations (our unpublished studies). Partici-
pation of macrophages, which also produce cathepsin-D, is
generally low and depends on their proportion in the tumour.
Thirdly, is cathepsin D a consequence or a cause of metastasis?
There is evidence in favour of both explanations. Since the
cathepsin D gene is also induced by growth factors, it might be
the consequence of a defect in the complex regulation of its gene
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expression. Alternatively, cathepsin D is a protease whose
routing and processing is altered in cancer cells and, thus, it
might be actively engaged in the metastatic process, as suggested
by the increased metastatic ability of tumour cells which over-
express cathepsin D following transfection of its cDNA [14].

CONCLUSIONS

Clinical use of new prognostic markers which can be assayed
on all tumours (including smaller ones) appears to be essential for
treatment decisions. Since the aggressiveness of solid tumours
depends on the concentration and the nature of molecular
markers located in the primary tumours, such tumours should
be extensively staged at the molecular level in order to obtain
information on proliferation, differentiation, hormone respon-
siveness and invasiveness of this tumour. This staging can only
occur once at surgery and would not be generally feasible
thereafter to guide treatment decisions.

The cost of this initial staging is relatively low compared to
the wide-spread and repeated assay of circulating markers which
is generally performed too late when curative therapy is no
longer possible. However, for economic and practical reasons,
it is necessary to choose from an increasing number of these
new markers.

The relative potency of new biochemical markers should,
therefore, be evaluated in multiparametric studies that include
several of these markers. Moreover, since most published studies
are retrospective, there is a need for randomised prospective
studies in which the efficiency of adjuvant therapy is investigated
relative to cathepsin D status. Priority should be given to
markers which can be assayed in the same samples, for instance,
in cytosol which gives information on the hormone responsive-
ness (ER and PR, or pS2) and aggressiveness (cathepsin D) of
tumour.
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Evidence for Individual Differences in the
Radiosensitivity of Human Skin

Susan L. Tucker, Ingela Turesson and Howard D. Thames

Previously published clinical data have been re-analysed to investigate individual differences in the radiosensitivity
of human skin. In the clinical studies, acute and late skin reactions were recorded for 254 breast cancer patients
receiving radiotherapy to the internal mammary nodes following simple or modified radical mastectomy. Each
patient was treated bilaterally with different fractionation schedules to the right and left fields. Patients were
assigned prospectively to 10 different treatment groups of 11-35 patients each, with all patients in a group
receiving the same pair of fractionation schedules to the right and left fields. In the present study, correlations
between the skin reactions in the two treatment fields per patient were investigated. For each of three different
endpoints—peak reflectance measure of erythema, peak acute skin reaction score, and a ranking measure of the
progression rate of telangiectasia—significant correlations were found between the levels of skin injury to the
right and left treatment fields of the patients in most treatment groups. Although there were correlations between
the absorbed doses in the right and left fields, statistical analyses indicated that dose effects were not sufficient
to explain fully the patient-to-patient differences in skin response. Thus, these data provide evidence for the
existence of individual differences in the radiation response of human skin, both for early and late effects.
Whether these differences are dominated by heterogeneity in intrinsic cell radiosensitivity or by other factors has
yet to be determined. However, there was no clear evidence of a correlation between the acute and late endpoints,
suggesting that the individual differences in radiosensitivity are not dominated by a common genetic component
expressed equally in all cells.

Eur ¥ Cancer, Vol. 28A, No. 11, pp. 1783-1791, 1992

INTRODUCTION
DURING THE past decade it has been recognised that human
tumours differ in their intrinsic cell radiosensitivity and that in
vitro radiosensitivity is correlated with clinical radioresponsive-
ness [1-3]. Heterogeneity in intrinsic tumour-cell sensitivity
exists even among tumours of the same histologic type [4-7].
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This recognition has led to the development of radiosensitivity
assays that, it is hoped, will help to predict the response to
radiotherapy of the individual tumour {4, 7-9].

More recently, attention has turned to the possibility that
differences in normal tissue response among radiotherapy pati-
ents may also be due, at least in part, to differences in intrinsic
cell sensitivity. It has been known for some time that individuals
with ataxia telangiectasia, for example, are hypersensitive to
radiation [10], but there may also be differences in inherent
radiation sensitivity among apparently normal individuals.

The purpose of this paper is to present evidence for individual
differences in the radiosensitivity of human skin, based on a re-
analysis of previously published data. Since 1972, prospective
studies of acute and late skin reactions have been carried out in



