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Cathepsin D, Both a Prognostic Factor and a 
Predictive Factor for the Effect of Adjuvant 

Tamoxifen in Breast Cancer 
M. Fern& B. Baldetorp, hi. Borg, J.-P. Brouillet, H. Olsson, H. Rochefort, 
G. Sellberg, H. Sigurdsson and D. Killander for the South Sweden Breast 

Cancer Group 

Cathepsin D is a lysosomal protease implicated in cancer metastasis. Its concentration in breast tumours has also 
been shown to be of prognostic importance, although to what extent this is subject to lymph node status, the use 
of adjuvant therapy and menopausal status has not been clearly evaluated. At a cut-off level of 45 pmol/mg protein 
(61% of the 623 samples were classified as high cathepsin D tumours; immunoradiometric assay), we found 
cathepsin D to be of prognostic importance only among breast cancer patients with lymph node-positive (N+) 
disease not treated with adjuvant tamoxifen. When the series was stratified according to cathepsin D content of 
their tumours, progesterone receptor (PgK) status and lymph node involvement, adjuvant tamoxifen was found to 
have a significant beneficial effect only among patients with N+ and PgR-positive breast cancer whose tumours 
had a high cathepsin D content. 
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INTRODUCTION 
THE IDENTIFICATION of breast cancer patients at high risk of 
relapse is currently one of the most important issues in breast 
cancer research. Hitherto, histopathological variables, including 
lymph node involvement, tumour size and morphological pat- 
tern, and biological variables, such as steroid receptor status and 
DNA content in individual breast cancer cells have been shown 
to be useful for prognostic purposes in the clinical management 
of breast cancer. More recently, oncogenes and tumour sup- 
pressor genes have also been shown to provide prognostic 
information [ 11. Steroid receptor status can be used as a predic- 
tive factor in the selection of adjuvant modality (cytotoxic 
or endocrine). However, we still need better prognostic and 
treatment predictive instruments than those used today. 

Cathepsin D was first described by Westley and Rochefort [2] 
as a 52-kD glycoprotein, whose secretion in hormone-dependent 
breast cancer cell lines was increased by oestrogens and inhibited 
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by ant&estrogens [3]. Cathepsin D was also found to be 
produced constitutively in hormone-independent breast cancer 
cell lines. Secreted as a 52-kD precursor, cathepsin D is proteo- 
lytically processed in the lysosomes to the mature 34- and 14-kD 
forms via an intermediate 48-kD form. Owing to its proteolytic 
and mitogenic properties, cathepsin D has been suggested to be 
involved in tumour dissemination [3]. Its prognostic importance 
has also been demonstrated in clinical breast cancer patient 
series [4-131. These studies have raised issues which need to 
be elucidated before the role of cathepsin D in the clinical 
management of breast cancer can be established. Such issues 
include the choice of method, optimal cut-off value, the import- 
ance of subgrouping with respect to lymph node involvement, 
steroid receptor content and menopausal status. Moreover, the 
use of cathepsin D as a prognostic factor and as a predictive 
factor, namely the effect of adjuvant therapy needs further 
investigations. 

The aim of this study was to further investigate the prognostic 
importance of cathepsin D in breast cancer. The specific ques- 
tions addressed in our study were the choice of cut-off value, the 
importance of lymph node status and the effect of adjuvant anti- 
oestrogen treatment and whether the level of the cathepsin D 
concentration is of any predictive value in this respect. 
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MATERIALANDMETHODS patients had developed recurrence (150 distant and 18 loco- 
Patients and treatment regional). 

The series comprised 623 patients (most of them with stage II 
tumours), 515 of whom were participants in two separate 
prospective randomised clinical trials launched by the South 
Sweden Breast Cancer Group (SSBCG), where the effect of 
adjuvant tamoxifen (TAM) at 20 mg daily was investigated. 
Trial 1 (in progress since 1985) consisted of TAM given for 2 or 
5 years to 297 postmenopausal patients under 75 years of age. 
Trial 2 (1985-1990) consisted of TAM given for 2 years to 
218 premenopausal patients, non-TAM-treated premenopausal 
patients serving as controls. ‘The remaining 108 patients had not 
participated in clinical trials (38 TAM-treated and 70 non-TAM- 
treated). TAM was given independent of steroid receptor status. 
Local treatment was given in accordance with guidelines adopted 
by the SSBCG. Surgery consisted either of modified radical 
mastectomy with axillary dissection, or of conservative segmen- 
tal resection with axillary dissection in some patients with 
tumours less than 20 mm in diameter, combined with postoper- 
ative radiation of the remaining breast tissue. In general, patients 
with metastasis to the axillary lymph nodes received postoperat- 
ive radiation. Of the total number of patients, (n = 623), 398 
(64%) received adjuvant treatment with TAM (31% NO and 69% 
N+), and 225 (36%) did not (42% NO and 58% N+). No patient 
received adjuvant cytostatic treatment. The TAM-treated group 
were more often N+ (69 versus 58%), >20 mm in diameter (71 
versus 57%) and oestrogen receptor (ER) positive (68 versus 
59%) than the non-TAM-treated group (x2 analysis). No differ- 
ences were found in proge:sterone receptor (PgR) and DNA 
ploidy status, and S-phase function (SPF) between the two 
treatment groups. 

Analytical methods 
Cathepsin D. At our department, residual cytosol and 

tumour tissue from steroid receptor analysis are routinely stored 
at -70°C. In the present study, cathepsin D analysis was 
performed on such frozen cytosol samples, using an immunora- 
diametric assay (ELSA-cath-D-kits; CIS-BIO International Gif- 
sur-Yvette, France). Cathepsin D content was analysed in two 
subsets of samples. The first subset (n = 198) consisted of 
supernatant samples after 20 000 g centrifugation from the rou- 
tine ER and PgR analysis and were analysed for cathepsin D in 
Montpellier after being recentrifuged at 100 000 g, the cathepsin 
D content being expressed in pmol/mg protein, determined 
according to Bradford with bovine serum albumine (BSA) as 
standard protein [14]. Owing to changed routines, the second 
subset (n = 425) had already been centrifuged at 100000 g. In 
this subset, cathepsin D analysis was performed at Lund, using 
the protein determination method of Lowry and co-workers 
([15], BSA as standard protein). Control analysis showed that 
the two subsets did not differ significantly with regard to the 
prognostic importance of cathepsin D, optimal cut-off value or 
the correlations with other prognostic factors. 

Patient and tumour characteristics are summarised in Table 
1. After a median follow-up of 37 months, 168 (27%) of the 623 

Table 1. Characteristics of the 623 patients and 
adjumnt treatment 

n % 

Menopausal status 623 
Pre 40 
Post 60 

Lymph node status 621 
NO 35 
Nl-3 39 
N4+ 26 

Tumour size 622 
5 20 mm 34 
> 20 mm 66 

ER status 620 
Negative 35 
Positive 65 

PgR status 605 
Negative 45 
Positive 55 

DNA ploidy status 357 
Diploid 32 

Non-diploid 68 

S-phase fraction 333 

Low 57 

High 43 

Adjuvant tamoxifen 623 

Not treated 36 

Treated 64 

ER and PgR . ER and PgR were measured with two different 
techniques, ER content with isoelectric focusing (IF) in polyac- 
rylamide gels and enzyme immunoassay (EIA), and PgR content 
with a dextran-coated charcoal method (DCC) with Scatchard 
analysis and EIA. In a comparison of previous results obtained 
with different ER and PgR assays in the same breast cancer 
samples, we found interassay agreement to be highly significant 
for both ER content (rS = 0.98, n = 127) and for PgR content 
(rS = 0.88, n = 97), although somewhat higher values were 
obtained with EIA than with IF or DCC. Thus, the cut-off 
values adopted for defining receptor positivity had to be adjusted 
according to the different measuring techniques. Samples with 
ER and PgR concentration values of 2 10 fmol/mg protein, 
obtained with IF and DCC, were classified as positive, and 
samples with values below this level as negative [16]. The 
corresponding cut-off level for EIA was 25 fmol/mg protein. 

Flow cytometric (FCM) DNA analysis. Residual tumour tissue 
after the routine ER and PgR analysis was available in 357 (57%) 
of the 623 cases included in the present series. These tumour 
samples were used for FCM DNA analysis in an Ortho 50H 
instrument after staining with propidium iodide [ 171. In accord- 
ance with the Convention of Nomenclature for DNA Cytome- 
try [18] ploidy status was defined as follows: one DNA cell 
population = diploid, two or more cell populations = non- 
diploid. The percentage of nuclei corresponding to the SPF was 
estimated by a planimetric method [ 191. Non-diploid samples 
with SPF 2 12% and diploid samples with SPF 2 7% were 
classified as high SPF, and samples with values below these 
levels as low SPF [ 161. 

Gene analysis. Gene amplification was analysed with the Sou- 
thern blot and slot blot techniques as described previously [20]. 
Filters were sequentially hybridised with probes for the ERBBZ, 
int2 and c-myc-genes, and with probes for control markers 
located on the same chromosomal arm as the respective proto- 
oncogenes (i.e. for ERBBZ at 17q-myeloperoxidase, for int2 at 
1 Iq-progesterone receptor and for myc at 8q-mos). The degree 
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af amplification was evaluated with densitometric analysis of slot 
blot autaradiograms, by compuring the signals from each proto- 
oncageue and control gene. Tumours were clasdied as having a 
single or an amptied (2 2) gene copy number of the haploid 
genome . 

The existence of correlations between different factors was 
verikd with Spearman’s rauk correlation test (r*,>. Subgroup 
differences in cathepsin D content were assessed with Pearson’s 
x2 analysis. Life-table analysis was performed with the lag-rank 
test [21,22]. Recurrence-free survival was analysed with Cax’s 
prapational hazards made1 [23] and with stepwise covariate 
selection, a P value of 0.15 being adopted as the upper limit far 
the indusion of a cavariate, RR values denote the relative 
risk for each cavariate ultimately entered into the analysis. In 
addition, stratikd analyses were performed after subgrouping 
the patients with regard to lymph node status, PgR status 
and adjuvant endocrine treaunent (i.e. given or not). Unless 
otherwise stated, P values < 0.05 were considered significant. 

Using life-table analysis far -lx-free survival, different 
cut-off values between 20 and 100 pmol/mg protein were tested. 
The best separation into twa groups in the series as a whale was 
obtained with cut-off values between 35 and 45 pmoVmgpratein 
(Fim I>_ As one of the main purposes af the present study was 
to investigate the proguostic impQrtanCe of cathepsin D in 
relation to adjuvant TAM, the same analysis was perfarmed 
after subgrouping the patients wivith respect to TAM, the best 
cut-off value being found to be 45 pmoYmg protein for the 
subgroup not treated with TAM and 30 pmoumg protein for the 
subgroup treated with TAM (Figure 1). However, at a cut-off 
level of 30 pmol/mg protein, only 18% (731398) of the tumours 
were classifiable as low cathepsin D, a proportion inconsistent 
with those of 23-4856 obtained in s&ies by others [S, 131. 
Thus, in the present series, 45 pm01 &.hepsin Dlmg protein 
was chosen as the cutoff value, yielding 243 cases (39%) with 
low tumaur cathepsin D content (< 45 pmol/mg protein) and 
380 (61%) with high nuuour values (z 45 pmoUrng protein). 
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Figure 1. Life-csble adysis (log-rauk test for rccuncnce-free 
survival) ofdHercnt cut-&&es of cathcpsin D for thrrc orwpg of 
breasi cawxr paticws: (1) all patients, -, (2) patients not 
trcnti with adjjuvant TAM C-a ad (3) patients treated with 
djvant TAM C - 4. The x2 value obtained for each cnt-affvtie 

was plottta agakt the we i&elf. 

Factor P value Number ofcases 

Lymph node status 
Tumour size 
Ageatopemion 
ER 

PgR 
DNA stemhtes 
s-phase fracTi0l.I 
ERBB2 smptication 
tit ampticalion 
c-myc ampli6altion 

0.08 0.02 621 
-0.03 0.19 622 
0.078 0.027 623 
0.08 0.023 620 
0.0% 0.033 603 
0.18 <O.ool 357 
0.16 0.002 333 
0.15 0.032 161 
0.04 0.30 159 

-0.10 0.26 47 

ER, oestrogen receptor; PgR, progesterune recqxor. 

with the number of DNA stemlines (ix,. cell populations}, 
the SPF and amplikation of ERBB2, and a weak positive 
correlation with ER and PgR content, patient age and lymph 
node invokement, but no correlation with tumour size or i~2 
and c-myc amplification (Table 2). 

Somewhat similar patterns of correlation were obtained with 
x2 analysis when tumaurs were subgrouped according fo cathep- 
sin D content (i-e_ high versus low, with the cut-aff level of 
45 pmol/mg pratein): the proportion of tumours with high SPF 
values was 51% (lOU202) in the high cathepsiu D subgraup but 
only 32% (42/131) in the low cathepsin D subgroup 
(P = 0,#09). With x2 analysis, no rekionships were found 
between cathepsin D and either ER and PgR status, tumour size 
or menopausal status although there was a weak correlation 
with lymph node StaNS-hi& cathepsin D tumours be& 
predominantly N4+, and low cathepsin D tumaurs predorni- 
nantly NO or Nl-3 (P = 0.038). 

The pmgnmtic imptntunce of cuihtpin D in relotwn ro &mph node 
mtus 

When lymph node status was also considered, the cathepsin 
D value tended to yield more prognostic information in the N+ 
group@ = 404)thantitbeNOgroup(n = 217).Therecurrence 
rate for N+ patients was 25% in the low cathepsiu D subgroup 
and 37% in the high cathepsiu D subgroup [J’ = O.ll), the 
corresponding figures for NO patients being 15 and 18% 
(P = 0.52), respectively. 

When investigati.ng the importance of prognastic factors in 
breast caucer, the importauce of adiuvanr systemic therapy 
should be considered, since if adjuvant therapy is given, it is also 
the predictive value of the factor in relation to the C&t of 
m-t which is studied. In the present study, it was indicated 
that adjuvant endocrine therapy a&cted oufcame, since in the 
graup not treated with adjuvant TAM (n = 225), the recummce 
rate was 22Oh in the low catbepsin D subgroup and 34% in the 
high cathepsin D subgroup (J’ = 0.06), the corresponding 
Sgures in the TAM-treated group (n - 398) being 21 and 28% 
(P = 0*24~,respecrively. 

From the results outlined above, it rhus appears &at the 
prognostic importance of the cathepsin D value seemed to be 
dependent both on N status and whether adjuvant TAM had 
been given or not. We, therefore, investigated in stratified 
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Fii 2. The prognostic importance for recurrence-free snrvival of tnmour cathepsia D content for (a) N+ patients not treated with 
tamosifen and (b) N+ patients treated with tamoxifen. The effect of adjjvant tamoxifen for(c) N+ patients with high tumonr cathepsin D 

content and(d) N+ patients witb low tnmow cathepsin D content. 

analyses the prognostic value of cathepsin D when both N status 
and TAM were taken into consideration. For patients with N+ 
breast cancer not treated with TAM (n = 130, Figure 2a), the 
recurrence rate was 23% in the low cathepsin D subgroup 
and 49% in the high cathepsin D subgroup (P = 0.012). No 
significant differences were found for the other three combi- 
nations of N status and TAM. The corresponding figures were 
26 and 33% for N+ patieuts treated with TAM (P = 0.65; 
n = 244; Figure 2b), 19 and 19% for NO patients not treated 
with TAM (P = 0.99; n = se), and 13 and 16% for NO patients 
treatedwithTAM(F = 0.7.L;n = 123). 

By combining the results shown in Figure 2a and b, it was 
found that adjuvant TAM has a beneficial effect for N+ patients 
with tumours containing high cathepsin D levels. This is further 
illustrated in Figure 2c. Adjuvant treatment with TAM 
decreased the recurrence rate from 49 to 33% (P = 0.001) for 
N+ breast cancer with high cathepsin D levels, whereas it had 
no beneficial effect for the group of N+ patients with low 
cathepsin D tumors [Figure 2d; recurrence rate 23% (no TAM) 

and 26% (with TAM); P = 0.741. For NO patients, no statisti- 
cally sign&ant effect of TAM was obtained, either in the high 
or in the low cathepsin D subgroup. 

The effect of TAM in relation w PgR status 
In our breast cancer series as a whole, where the effect of 

adjuvant TAM has been studied, PgR status has hitherto proved 
to be a better predictive factor than ER status [24]. We, 
therefore, investigated the predictive value of PgR status in the 
subset of N+ breast cancer patients where cathepsin D was 
evaluated. Treatment with adjuvant TAM improved recurrence- 
free survival for patients with PgR+ tumours (P = 0.006; 
n = 224). For patients with PgR- tumours (n = 168), no 
beneficial effect of TAM was demonstrated (P = 0.33). 

The effect of djuvant TAM in relation w both PgR and cathepsin 
D status 

The results outlined above suggest the level of the cathepsin 
D concentration to be a prognostic factor, as shown in N+ 
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High Law High Low 

cathepsin D cathepsin D cathepsin D cathepsin D 

Figure 3. The effect of adjuvant tamoxifen on recurrence-free sur- 
vival (log-rank test) for N+ patients with different combinations of 

PgR and cathepsin D status. 

patients not treated with adjuvant TAM (Figure 2a). It would 
also seem to be a predictive factor for the effect of adjuvant 
TAM-at least in the N+ group-since only patients with 
tumours containing high cathepsin D levels had any statistically 
significant benefit of TAM (Figure 2~). As both cathepsin D and 
PgR status had predictive value for the effect of TAM, the 
question arose of whether cathepsin D may provide additional 
information to PgR status (or vice versa) concerning prediction 
of the effect of adjuvant TAM. To test this, the effect of adjuvant 
TAM was studied for four different groups of patients with N+ 
breast cancer: (1) PgR+/high cathepsin D (n = 145), 
(2) PgR+/low cathepsin D (n = 79), (3) PgR-/high cathepsin 

D (n = loo), and (4) PgR- /low cathepsin D (n = 68). The 
results summarised in Figure 3, show that the most profound 
beneficial effect of adjuvant TAM was seen for PgR+/high 
cathepsin D patients, thus confirming the cathepsin D level to 
be a factor of importance for the effect of adjuvant TAM. In 
addition, in the group of patients with the worst prognosis 
(PgR- and high cathepsin D level), there was a slight beneficial 
effect of TAM (I’ = 0.055), indicating that the cathepsin D 
level may identify a group of endocrine responsive patients with 
PgR- tumours. 

M ultivariate analysis 
From the results described above, it is clear that adjuvant 

TAM is important for the prognostic importance of cathepsin 
D. Multivariate analysis was, therefore, performed after dividing 
the patients into two subgroups, one with adjuvant TAM, the 
other without. For the group of patients not treated with TAM, 
N status, tumour size and cathepsin D were found to be 
independent prognostic variables for recurrence-free survival, 
whereas ER, PgR and menopausal status were not (Table 3a). 
For the group of patients treated with adjuvant TAM (Table 
3b), N status and ER were found to be independent prognostic 
factors, whereas tumour size, PgR, cathepsin D and menopausal 
status were not. PgR entered the model as a significant factor if 
ER was excluded. 

Previous results obtained by our group 1161 have demon- 
strated the SPF to be a strong prognostic factor. We, therefore, 
performed multivariate analysis in the subgroup of patients not 
treated with adjuvant TAM with tumours analysed for SPF and 
cathepsin D (n = 11 l), and found the SPF to enter the model 

Table 3. Recurrence-free survivu1, according to univariate and multivariate analysis (Cox’s proportional 
hazards model) of prognostic covariates for patients not treated or treated with adjuvant tamoxifm 

Covariate 

Univariate 

P value P value 

Multivariate 

Relative 95% confidence 
risk interval 

(a) Patients not treated with adjuvant tamoxifen (n = 199) 
Axillary lymph nodes 
O, l-3,4+ O.OOOl 
Tumour size 
5 20 versus > 20 mm 0.009 
PgR status 
Negative versus positive NS 
ER status 
Negative versus positive NS 
Cathepsin D 
Low versus high 0.036 
Menopausal status 
Pre- versus postmenopausal 

(b) Patients treated with adjuvanr ramoxifenr = 350) 
Ax&u-y lymph nodes 
0, 1-3,4+ < 0.0001 
Tumour size 
5 20 versus > 20 mm NS 
PgR status 

Negative versus positive 0.014 
ER status 
Negative versus positive 0.008 
Cathepsin D 
Low versus high NS 
Menopausal status 
Pre- versus postmenopausal NS 

< 0.001 1.9 1.42.6 

0.010 2.4 1.2-1.6 

NS 

NS 

0.014 2.0 1.1-3.5 

NS 

< 0.0001 1.9 1.4-2.6 

NS 

NS 

0.002 2.1 1.4-3.3 

NS 

NS 

NS, non-significant; ER, ocstrogen receptor; PgR, progesterone receptor. 
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(together with lymph node status), whereas cathepsin D lost its 
independent prognostic value. 

DISCUSSION 
The level of tumour concentration of cathepsin D was shown 

to be both a prognostic factor and a predictive factor for the 
effect of adjuvant TAM. The variable was shown to be of 
prognostic importance among N+ patients not treated with 
adjuvant TAM. For patients treated with TAM, a statistical 
improvement of recurrence-free survival after therapy could 
only be demonstrated for those with high cathepsin D levels and 
N+ breast cancer. For the NO group, no importance of cathepsin 
D could be demonstrated, irrespective of whether TAM had 
been given or not. Our findin.g in the NO group should, however, 
be considered preliminary, since the duration of follow-up was 
relatively short (median 37 months). The differences of some 
tumour characteristics between the TAM-treated and non- 
TAM-treated group may, to some extent, influence the results. 
However, as the TAM-treatbed group were more often N+ and 
had large tumours, the difference in prognosis between the two 
groups should be even more pronounced if only patients in 
randomised trials were included. This was also indicated when 
the 108 non-randomised patients were excluded from the analysis 
(data not shown). In three studies investigating the importance 
of N status, cathepsin D also appeared to be of greatest value in 
N+ patients [7-91. In a fourth study [6], cathepsin D was 
demonstrated to be of prognostic importance in the NO group 
only. Findings in other studies of NO patients have varied, with 
the value of cathepsin D as a prognostic factor in this subgroup of 
patients supported by some [5, 10-121, but not by others [13]. 
There may be several explanations for these differences in 
results, including the choice of methods, cut-off value or end- 
point (recurrence-free survival or overall survival), the patient 
characteristics (menopausal status and N status), whether adju- 
vant therapy has been given or not and duration of follow-up. 
Moreover, ifmultivariate analysis is performed, the selection of 
factors included may also affect the results concerning the 
independent prognostic value of cathepsin D. 

One reason for the discaepancies in results between these 
studies may have been the differences in the techniques used. 
Although immunoradiometric assay (ELISA-cath-D kit) was 
used in several studies [5, 7, 10, 11, 13, present study] as was 
immunohistochemistry [9, 1.21, the other methods were used in 
only one or two studies: enzyme immunoassay [4, 81, western 
blotting [6], enzymatic activity [lo]. However, differences in 
the choice of technique alo.ne do not completely explain the 
discrepant results, as discrepancies remain even when the com- 
parison is confined to results obtained with ELISA-cath-D kits, 
both in overall results for the various series studied, and in the 
results of subgroup analyses (e.g. NO versus N+, ER- versus 
ER+). 

In this respect, the explanation may be methodological as 
different cut-off values were adopted by those using the immuno- 
radiometric assay, ranging from 35 to 70 pmol/mg protein, and 
resulting in differences in the proportion of tumours with ‘high’ 
cathepsin D concentrations, ranging from 23 to 68% [S, 7, 131. 
These figures should be compared with that of 61% obtained 
with a cut-off level of 45 pmol/mg protein in the present study. 
In the study by Foekens and co-workers, no uniform cut-off 
point was chosen for the series as a whole, since a continuous 
trend was found for the recuxrence rate to increase with increas- 
ing cathepsin D concentration, and the series was divided into 
four subgroups with regard to tumour cathepsin D content [ 111. 

Both in our study and in some of the others, the criterion for the 
choice of cut-off value was optimal prognostic separation into 
high and low cathepsin D groups [6, 7, 131, an approach that 
should be regarded as hypothesis generating, and requiring 
substantiation in a new independent series. Others have used 
the median value [8] or two or three different cut-off 
values [4, 10, 111. 

Further reasons for different conclusions regarding the prog- 
nostic importance of cathepsin D may be differences in N status 
and whether adjuvant systemic treatment has been given or not. 
The choice of endpoint (recurrence-free survival or overall 
survival) did not affect the major findings in the present study. 
When subgrouping our series with regard to N status and 
adjuvant TAM, cathepsin D was only found to be of prognostic 
importance for patients not treated with adjuvant TAM, and 
only in the N+ subgroup. As 87% (113/130) of the patients in 
this group (N+/no TAM) were premenopausal, the importance 
of menopausal status for the prognostic importance of cathepsin 
D could not be evaluated in the present series. Cathepsin D 
content has been shown to increase with age, values being 
higher for postmenopausal patients than among premenopausal 
patients, both in benign breast disease and in breast 
cancer [4, 25l:Different cut-off values were also adopted for 
pre- and postmenopausal patients in the latter study [4]. In our 
study a trend (P = 0.07) was found where the proportion of 
tumours with high cathepsin D values (2 45 pmol/mg protein) 
was greater among postmenopausal patients than among pre- 
menopausal patients. The finding by Duffy and co-workers, that 
cathepsin D was a significant prognostic factor only in the ER- 
positive subgroup and not in the ER-negative subgroup [13], 
could not be confirmed in our investigation. The lack of prognos- 
tic value of cathepsin D in the NO group in the present work is 
in conflict with findings in some studies [5, 6, 10-121, but in 
agreement with those of others [7-91. The choice of factors 
included in multivariate analysis would seem to be a more 
important consideration, since when SPF was included, the 
independent prognostic value of cathepsin D was lost. This 
subgroup analysis should, of course, be confirmed in a larger 
series. 

A more striking finding was the profound effect of adjuvant 
TAM on the results in our study. When TAM treatment was 
considered, we showed that cathepsin D is both a prognostic 
factor (for patients not treated with adjuvant TAM) and a 
predictive factor for the effect of adjuvant TAM (only those 
patients with a high cathepsin D content in their tumours 
responded), and especially for the PgR+ subgroup. When 
subgrouping with regard to ER status was used instead, similar 
results were obtained-i.e. adjuvant tamoxifen had a significant 
beneficial effect only for patients with ER-positive and high 
cathepsin D turnours. Another finding of considerable interest 
was that the tumour content of cathepsin D may even identify a 
group of endocrine responsive patients with PgR- turnours, 
although again this result was obtained in a small subgroup 
(n = loo), and needs to be confirmed in a larger number series, 
preferably comprising patients also participating in prospective 
randomised trials. 

The importance of taking adjuvant TAM therapy into con- 
sideration when examining the prognostic importance of differ- 
ent variables has previously been demonstrated in our labora- 
tory. The SPF is a strong prognostic factor for breast cancer 
patients not treated with adjuvant TAM, while it seems to be 
without importance for clinical outcome among patients treated 
with adjuvant TAM [26]. The SPF would thus seem to be a 
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prognostic factor. In contrast, ERBBZ amplification was an 
independent factor only among patients treated with adjuvant 
TAM [27], and would not seem to be just a prognostic factor, 
but rather a predictive factor for the effect of adjuvant TAM. 
The results concerning cathepsin D suggest it to be both a 
prognostic factor and a predictive factor for the effect of TAM. 
The importance of considering adjuvant therapy has also been 
indicated by Namer and co-workers, who found cathepsin D to 
be of prognostic importance only among N+ patients treated 
with adjuvant chemotherapy [7]. TAM is an oestrogen agonist 
for cathepsin D induction, both in viva [28] and in vitro [29]. 
Therefore, the reason why TAM is more efficient in tumours 
with high cathepsin D content is not yet understood. Since many 
of the aforementioned studies included patients treated with 
adjuvant TAM or chemotherapy, discrepancies in findings may, 
at least to some extent, have been due to differences in the 
treatment given. 

In agreement with findings in most other studies, we found 
the tumour cathepsin D level to be unrelated to tumour size and 
ER or PgR status. We found cathepsin D to correlate with 
lymph node involvement, ploidy status, SPF and ERBBZ 
amplification. While we found the tumour cathepsin concen- 
tration to correlate with ERBB2 amplification, but not with 
int2 and c-myc amplification, Brouillet and co-workers found 
cathepsin D to correlate with c-myc amplification, but not 
with ERBB2 or int2 amplification [30]. The reasons for this 
discrepancy may be the small number of cases analysed for c- 
myc amplification (n = 47) in our series, and the rather weak 
correlation between cathepsin D and ERBBZ amplification 
(rS = O.lS;P = 0.032). 

In conclusion, cathepsin D was shown to be both a prognostic 
factor-at least for N+ premenopausal patients, and a predictive 
factor for the effect of adjuvant TAM-at least in the N+ 
subgroup. The somewhat conllicting conclusions between differ- 
ent studies concerning the prognostic importance of cathepsin 
D emphasise the need of large prospective studies in which 
adjuvant therapy and different patient and tumour character- 
istics (menopausal status, N-status, etc.) should be taken into 
consideration. It would also seem to be important to compare 
the prognostic significance of tumour cathepsin D content with 
that of other factors such as the proliferation rate. 
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