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Abstract. The expression of the S-phase associated, nu- 
clear protein proliferating cell nuclear antigen (PCNA) 
was investigated in routinely paraffin-embedded surgical 
specimens from 209 breast cancer patients. Cytometric 
DNA assessments were performed on fine-needle aspir- 
ates, upon which the primary diagnosis of breast cancer 
had been based. The mean clinical follow-up was 16 
years (range 13-20 years). The percentage of PCNA im- 
munoreactive tumour cells ranged between less than 5 
to 60% (mean value 13.34%). There was a direct associa- 
tion between PCNA expression, high histological tu- 
mour grade (p < 0.01), and DNA aneuploidy (p = 0.009). 
In a subgroup of 22 patients with near-diploid DNA 
distribution patterns the PCNA expression yielded addi- 
tional prognostic information. Patients with tumours of 
near-diploid DNA histograms and more than 20% of 
PCNA immunoreactive neoplastic cells had a signifi- 
cantly worse clinical course, than patients with near- 
diploid tumours containing less than 20% PCNA immu- 
noreactive cells (p =0.0001). In contrast, the PCNA im- 
munoreactivity did not yield additional prognostic infor- 
mation for patients with distinctly diploid or highly an- 
euploid tumour variants. In a multivariate analysis com- 
prising all 209 patients, nodal status (p<0.01), tumour 
size (p<0.01), and DNA ploidy (p<0.01) were found 
to have significant prognostic effect. The findings indi- 
cate that carcinomas characterised by high proliferative 
activity and near-diploid DNA distribution patterns can 
show rapid tumour progression. The combined assess- 
ment of the PCNA immunoreactivity and of the nuclear 
DNA content in routinely processed surgical specimens 
of breast cancer patients appears to be of prognostic 
value. 
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Introduction 

The clinical behaviour of human breast carcinomas is 
known to be difficult to predict. Many attempts have 
been and are being made to find reliable, reproducible 
and useful prognostic variables. In this context evidence 
has been obtained that in addition to the established 
histopathological criteria in current use the crude nucle- 
ar DNA content and even cell kinetic data might also 
be of value (Clark and McGuire 1992; Meyer 1984; Sil- 
vestrini et al. 1985; Tubiana et al. 1989). 

A growing body of evidence suggests that the cyto- 
metric nuclear DNA distribution pattern is closely relat- 
ed to the clinical outcome in mammary carcinomas 
(Clark etal. 1989; Fallenius etal. 1988; Merkel and 
McGuire 1990). Patients with tumours that are com- 
posed of neoplastic cells of DNA diploid type have a 
favourable course in general. In contrast, patients with 
tumours of DNA aneuploid type often have a poorer 
clinical outcome. 

Estimations of the proliferation rate in malignant tu- 
rnouts can be made by means of different techniques. 
The theoretically advantageous use of tritiated thymi- 
dine uptake or bromodeoxyuridine labelling index are 
however time-consuming and complex. Flow cytometry 
is hampered by the fact that calculation of the S-phase 
fraction might also include non-neoplastic stromal and 
inflammatory cells and thus lead to an underestimation 
of the real fraction of tumour cells in S-phase (Falkmer 
et al. 1990). 

Recently, monoclonal antibodies against the 36 kDa, 
S-phase-associated, nuclear protein: proliferating cell 
nuclear antigen (PCNA) have been developed for use 
in immunohistochemistry (Ogata et al. 1987; Waseem 
and Lane 1990). The protein is an auxiliary protein of 
the DNA polymerase-delta and is essential for cellular 
DNA synthesis (Waseem and Lane 1990). Evidence has 
also been obtained that PCNA is required for leading 
and lagging strand synthesis at the replication fork in 
SV40 virus replication in vitro (Prelich and Stillman 
1988). Several studies have shown that some of these 
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antibodies, especially that derived from a clone desig- 
nated PC10, are suitable for immunohistochemical in- 
vestigations in conventionally fixed and processed tissue 
(Hall et al. 1990; Isik et al. 1992; Suzuki et al. 1992; 
Waseem and Lane 1990). 

Against this background we investigated if cell kinetic 
data as obtained by means of the PCNA immunoreactiv- 
ity might be of prognostic value in addition to various 
tumour characteristics, including c-erbB-2 proto-onco- 
gene expression. We also examined whether PCNA ex- 
pression could give additional prognostic information 
in subgroups of patients as characterised by different 
nuclear DNA histogram types. The study was carried 
out on formalin-fixed and routinely processed histologi- 
cal tumour specimens from 209 breast cancer patients 
with a long term clinical follow-up. 

Materials  and methods 

We studied tumour specimens from 209 women with primary inva- 
sive mammary carcinomas, who had been included in a randomised 
trial comparing adjuvant radiation therapy to the chest wall and 
regional lymph nodes (45 Gy within 5 weeks) with surgery alone. 
Details of the surgical treatment, trial design and results have been 
reported previously (Rutqvist et al. 1989). The mean follow-up was 
16 years (range 13-20 years). Histopathological diagnosis was 
based on the World Health Organisation (WHO) histological typ- 
ing of breast tumours (WHO 1980). 

Murine IgG mAb PC10 was purchased from Novocastra Labo- 
ratories (Newcastle upon Tyne, UK). The sheep IgG polyclonal 
antibody OA-I 1-854 against the cytoplasmic domain of the human 
c-erbB-2 protein was purchased from Cambridge Research Bio- 
chemicals (Cambridge, UK). Immunohistochemical staining was 
performed by means of an avidin-biotin-peroxidase complex tech- 
nique. Routinely formalin-fixed, paraffin-embedded tissue sections 
were deparaffinized in xylene and passed through a graded ethanol 
series. For staining with the mAb PCl0 they were fixed in acetone 
for 5 rain and incubated with 1% NP40 detergent (Sigma Chemical 
Co., St. Louis, Mo., USA) for 5 min. Endogenous peroxidase activ- 
ity was blocked with 0.5% hydrogen peroxide in destilled water 
for 30 min and non-specific staining was blocked with 1% bovine 
serum albumin in TRIS-buffered saline for 45 min. The sections 
were then incubated overnight with the mAb PC10 at a dilution 
of 1 : 100 at 4 ~ C in a humidified chamber. The second antibody, 
biotinylated anti-mouse affinity-purified IgG antibody (Vector 
Laboratories, Burlingame, Calif., USA), was applied at a dilution 
of I : 200. Diaminobenzidine was then employed as chromogen and 
the sections were slightly counter stained with haematoxylin for 
5 s. The immunostaining procedure for c-erbB-2 was that described 
previously (Schimmelpenning et al. 1992). Positive controls for 
PC10 were sections of the small intestine, the colon, lymph nodes, 
and endometrium at different phases of the cycle. Positive control 
for c-erbB-2 was a known case of mammary carcinoma in situ 
of comedo type. 

Distinct nuclear PCNA immunostaining was recorded as posi- 
tive, irrespective of the staining intensity. In each of the 209 prepa- 
rations 10 high power fields (magnification x 400) were selected 
at random within a tumour-containing area of the section. The 
number of immunoreactive cells were then assessed by two investi- 
gators using a double-headed light microscope equipped with an 
ocular graticule consisting of 10 x 10 = 100 fields. Immunoreactive 
and non-immunoreactive tumour cells were counted separately 
within the four edge-fields of the grid. Those tumour cells laying 
under the left or the lower border of an edge-field were not counted, 
while neoplastic cells laying under the right or upper border were 
included. Both cell counts were then multiplied by 25 and the per- 
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Fig. 1. The cytometrical DNA histograms were classified into four 
different types according to criteria described by Auer et al. (1980). 
Histograms of type I had a single distinct peak in the diploid 
region of the normal cell population. Type II histograms had one 
well-circumscribed peak in the G2/M region or two distinct peaks 
within the G0/G1 and the Gz/M region, where the latter had to 
contain at least 20% of all cell counts. Only a few cells scattered 
between those two peaks or exceeded them. Histograms of type 
III had one peak in or near the Go/G1 region of the normal cell 
population and a considerable number of scattered cells in the 
S-phase region of that peak. Type IV histograms were characterized 
by highly aneuploid DNA distribution patterns and increased 
DNA values exceeding the normal Gz/M region (" Manhattan sky- 
line") 

centage of immunoreactive cells in relation to the whole tumour 
cell population was calculated. These results were scored in 5% 
intervals (less than 5%, less then 10%, etc.). 

The nuclear DNA content was assessed by means of image 
cytometry according to the Feulgen technique as described pre- 
viously (Fallenius et al. 1986). The detailed DNA assessment tech- 
nique, including staining, internal standardization, and tumour cell 
selection was reported elsewhere (Fallenius et al. 1988). The cyto- 
metric DNA histograms were classified into four different types 
according to criteria described by Auer et al. (1980) (Fig. 1). 

The relationship between PCNA immunoreactivity and various 
histopathological characteristics was analysed using the chi-square 
test. The prognostic significance of the immunohistochemical and 
clinico-pathological tumour characteristics was evaluated using dis- 
tant metastases-free survival as end-point. Univariate and multivar- 
iate analyses were performed using Cox's proportional hazards 
repression model (Cox et al. 1972). Distant metastases-free survival 
was estimated and plotted using actuarial methods (Cutler and 
Ederer 1958). 

Results 

Dist inct  P C N A  sta ining was a lmost  exclusively l imited 
to the nucleus a nd  only  rarely observed in the cytoplasm 
of  mitot ic  cells. The d is t r ibut ion  of  nuclear  P C N A  stain- 
ing sometimes showed accen tua t ion  towards the marg ins  
of  the tumour .  This was however  no t  cons tan t  and  occa- 
sionally also the opposi te  was observed (Fig. 2a,  b). 
P C N A  scores of  the 209 p r imary  invasive m a m m a r y  car- 
c inomas  ranged  between less than  5 to 60% (mean value 
13 .63%+10 .89) .  The f requency d is t r ibut ion  of  the 
P C N A  scores is shown in Fig. 3. 

The in terre la t ionships  between the P C N A  i mmunore -  
activity and  var ious  his topathological  t u m o u r  character-  
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Fig. 2. a Microphotograph of a 
primary invasive mammary carci- 
noma of ductal type. Immunohis- 
tochemical staining with the mAb 
PC10 against proliferating cell 
nuclear antigen (PCNA) in a rou- 
tine paraffin-embedded section. 
Note the distinct nuclear staining 
pattern in > 50% of the neoplas- 
tic cells. Counterstained with hae- 
matoxylin, x 125. b Microphoto- 
graph of a corresponding lymph 
node metastasis to a. The level of 
PCNA immunoreactivity is vir- 
tually identical with the primary 
tumour. Note also the immuno- 
reaction of surrounding lymphatic 
cells. Counterstained with haema- 
toxylin, x 125 

istics are summarised in Table 1. There was a direct asso- 
ciation between high levels of PCNA expression ( >  20% 
of the neoplastic cell nuclei) and a high histological t u -  
mour grade, D N A  aneuploidy, and the presence of  im- 
munohistochemical c-erbB-2 expression. Tumours com- 
posed of  poorly differentiated cells showed a significant 
increase in PCNA immunoreactivity compared with 
highly differentiated variants. None of  the low grade 
ductal carcinomas contained more than 20% PCNA im- 
munoreactive tumour cells, while 30 of 88 (34%) of  the 
high grade carcinomas exhibited high proliferative activ- 
ity ( >  20% PCNA). Genetically stable tumours of  D N A  
diploid type I had only in 5 of 56 (9%) cases PCNA 
scores higher than 20%. In contrast, about one third 

(32 of  98) of  the carcinomas of  D N A  aneuploid type 
IV had PCNA scores higher than 20%. High levels of  
PCNA immunoreactivity were more frequently found 
in carcinomas composed of  tumour  cells that expressed 
the c-erbB-2 proto-oncogene product  than in carcinomas 
without c-erbB-2 expression. No interrelationship was 
found between PCNA immunoreactivity, tumour  size, 
regional lymph node involvement and menopausal status 
(data not shown). 

In order to investigate the correlation between PCNA 
scores and distant metastases-free survival three patient 
groups with low (less than 5%), intermediate (5-20%), 
and high (more than 20% PCNA immunoreactive tu- 
rnout cells) PCNA immunoreactivity were formed. Us- 
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Table 1. Interrelationship between the percentage of PCNA immunoreactive tumour cells and histopathological characteristics in 209 
invasive mammary carcinomas 

Percentage of PCNA immunoreactive tumour cells 

< 5% < 10% < 15% > 20% Total 

Tumour size 

<2 cm 40 (37) 37 (34) 12 (11) 20 (18) 
2-5 cm 16 (27) 10 (17) 10 (17) 21 (36) 
<5 cm 6 (33) 2 (11) 5 (30) 5 (30) 
Multiple" 4 (50) 3 (37) 0 (0) 1 (13) 
Unknown" 6 (35) 5 (29) 2 (12) 4 (24) 

Lymph node status 

pN0 38 (33) 37 (32) 17 (15) 23 (20) 
pN+ 33 (36) 19 (21) 12 (13) 28 (30) 
Unknown a 1 (50) 1 (50) 0 (0) 0 (0) 

Tumour grade 

Ductal grade I 7 (47) 5 (33) 3 (20) 0 (0) 
grade II 30 (38) 20 (26) 1 l (14) 17 (22) 
grade III 26 (29) 20 (23) 12 (14) 30 (34) 

Lobular" 6 (32) 9 (47) I (5) 3 (16) 
Medullary" 0 (0) 2 (67) 0 (0) 1 (33) 
Mucinous a 3 (50) l (17) 2 (33) 0 (0) 

DNA histogram type 

I 23 (41) 19 (34) 9 (16) 5 (9) 
II 13 (37) 9 (26) 5 (14) 8 (23) 
III 7 (32) 5 (23) 4 (18) 6 (27) 
IV 29 (30) 24 (24) 11 (11) 32 (33) 

C-erbB-2 immunoreactivity 

Absent 61 (40) 44 (29) 14 (10) 31 (21) 
Present 11 (18) 13 (22) 15 (25) 20 (33) 

109 n.s. 
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18 
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17 

115 
92 
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35 
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96 

n . s .  

p<0.01 

p=0.009 

150 p=0.005 
59 

a Not included in the statistical analysis 
n.s., Not significant; Percantages in brackets 
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Fig. 3. Frequency distribution of the percentage of 
PCNA immunoreactive neoplastic cell nuclei of 
209 invasive mammary adenocarcinomas 

ing this m o d e l  in un iva r i a t e  analysis ,  the P C N A  score 
was no t  s ignif icant ly  assoc ia ted  with  d i s tan t  metas tases -  
free survival  (Fig.  4). However ,  in a s u b g r o u p  o f  pa t ien ts  
the  P C N A  i m m u n o r e a c t i v i t y  y ie lded  s ignif icant  p rog -  
nos t ic  i n fo rma t ion .  There  were 22 pa t ien ts  t ha t  had  car-  

c inomas  exhib i t ing  D N A  h i s tog rams  o f  type  I I I  and  in 
6 o f  these t u m o u r s  m o r e  than  20% o f  the neoplas t ic  
cells were P C N A  i m m u n o r e a c t i v e  (Table 1). Five o f  
these pa t ien ts  wi th  h ighly  P C N A  i m m u n o r e a c t i v e  tu- 
m o u r s  deve loped  d i s tan t  metas tases  wi th in  2 years  and  
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Fig. 4. Distant metastases-free survival of 209 breast cancer patients 
as stratified by three categories of immunohistochemical PCNA 
immunoreactivity. - -  = less than 5% (n = 72); . . . . .  5-20% (n = 
86); . . . . .  more than 20% (n = 51) PCNA immunoreactive tumour 
cells 
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Fig. 5. Distant metastases-free survival for 22 patients with nuclear 
DNA histograms of type III (near-diploid) according to Auer et al. 
(1980). Patients with more than 20% (---) (n= 6) PCNA immuno- 
reactive tumour cells had a significantly shorter recurrence-free 
survival than those with PCNA expression in less than 20% ( - - - - )  
(n = 16) of the neoplastic cells (p = 0.0001) 
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Fig. 6. Distant metastases-free survival for 56 patients with nuclear 
DNA histograms of type I (diploid) according to Auer et al. (1980). 
The immunohistochemical PCNA immunoreactivity was of no 
prognostic value among these patients. - - = l e s s  than 20% (n = 
51); . . . . .  more than 20% (n = 5) PCNA immunoreactive turnout 
cells 

died within 3 years after initial treatment due to their 
neoplastic disease. Four of these patients had regional 
lymph node metastases already at the time of operation. 
Two of the tumours were less than 2 cm in diameter, 
two measured 2-5 cm, and one patient had multiple pri- 
mary tumours. In contrast, the other 16 patients with 
tumours of  D N A  histogram type III and less than 20% 
PCNA immunoreactive cells had a significantly longer 
distant metastases-free survival time (p = 0.0001) 
(Fig. 5). No similar interrelationships were found be- 
tween PCNA immunoreactivity and the other nuclear 
D N A  histogram types I, II, and IV (Fig. 6). 

Of  the other histopathologic criteria investigated 
lymph node status (p < 0.01), tumour size (p < 0,01), and 

the cytometrical D N A  histogram type (p=0.001) were 
of prognostic value in univariate analysis. The histopath- 
ological tumour grade was of  borderline significance 
(p = 0.07). Patients with lobular carcinomas had a short- 
er distant metastases-free survival than patients who had 
high grade carcinomas of  ductal type. The difference 
between the curves retained however only borderline sig- 
nificance (p = 0.08, data not shown; mucinous and med- 
ullary carcinomas not included in the analysis). The im- 
munohistochemical c-erbB-2 expression was of  prognos- 
tic significance only among lymph node positive patients 
(p=0.02). In multivariate analysis lymph node status 
(p<0.01),  tumour size (p<0.01),  and D N A  histogram 
type (p<0.01) yielded prognostic information. Treat- 
ment (post-operative radiation or surgery alone), age, 
and menopausal status were not significantly correlated 
to the distant metastases-free survival (data not  shown). 

Discuss ion 

In the present study we found an association between 
high levels of  immunohistochemical PCNA expression 
and a low grade of  tumour cell differentiation, D N A  
aneuploidy and also the presence of  c-erbB-2 immunore- 
activity. In a subgroup of  patients with near-diploid tu- 
mours of  histogram type III PCNA immunoreactivity 
was of  significant prognostic value. 

The PCNA protein was independently identified by 
Miyachi et al. (1978) and by Bravo and Cells (1980). 
It has been described as an auxiliary protein of  the D N A  
polymerase-delta and is under requirement of ATP nec- 
essary for D N A  replication and repair (Nishida et al. 
1989; Tsurimoto and Stillman 1990). It could also been 
shown that PCNA is essential for cell cycle progression. 
Autoantibodies to PCNA have an inhibitory effect on 
D N A  synthesis and cellular proliferation in cultured 
cells (Liu et al. 1989). Eukaryotic cells are equipped with 
to forms of PCNA. One is detergent extractable and 
is found in proliferating cells but  not in resting cells. 
The other variant is detergent resistant, associated with 
replication sites and closely related to D N A  synthesis 
(Bravo and Macdonald-Bravo 1987). 

In the present study the proliferative activity as mea- 
sured by PCNA immunoreactivity was higher than it 
has been reported from investigations with tritiated thy- 
midine or flow cytometry in breast carcinomas (Meyer 
et al. 1984; Falkmer et al. 1990). Similar observations 
were made by Galand and Degraef (1989), who com- 
pared immunostaining with the PCNA mAb 19A2 with 
tritiated thymidine incorporation in biopsy sections 
from human colon epithelium. This phenomenon could 
probably be explained by the observation that formalin- 
fixed tissue not only reveals the insoluble fraction of  
PCNA bound to active ribosomes but also persisting 
soluble PCNA molecules present in non-S-phase prolif- 
erating cells (Bravo and Macdonald-Bravo 1987; Garcia 
et al. 1989). Garcia and co-workers, in an immunohisto- 
chemical study using the mAb 19A2 found discrepancies 
between PCNA expression and flow cytometric S-phase 
analysis in methacarn-fixed human breast parenchyma 
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(Garcia et al. 1989). The well-known fact that the S- 
phase indices based on flow cytometric data might also 
include non-proliferating stromal and inflammatory 
cells, and thus lead to an underestimation of  the true 
S-phase fraction was emphasised (Falkmer et al. 1989; 
Garcia et al. 1989). Against this background it has been 
stated that immunohistochemical analyses of  PCNA ex- 
pressions in formalin-fixed tissue samples allows the as- 
sessment of  the proliferative activity in human tissue, 
nevertheless (Galand and Degraef 1989). 

The levels of  PCNA immunoreactivity found in the 
different histological subtypes of mammary adenocarci- 
nomas appears to be in agreement with the clinical 
behaviour of  the various neoplasms. Relatively slowly 
advancing mucinous carcinomas were never composed 
of  more than 15% PCNA immunoreactive tumour cells. 
As one could expect, at least one of  the three medullary 
carcinomas was highly proliferative. In ductal carcino- 
mas none of  the low grade tumours had a high fraction 
of  PCNA immunoreactive cells. This, and the concor- 
dance between increased levels of  the immunohistochem- 
ical PCNA expression and a high histological tumour 
grade has also been reported by others (Dawson et al. 
1990; Robbins et al. 1987). The finding might be inter- 
preted as a result of  the higher proliferative activity in 
poorly differentiated ductal neoplasms but in this con- 
text it is noticeable that necrotic areas are usually found 
in poorly differentiated tumours (Page and Sakamoto 
1987). A net increase in proliferative activity does thus 
not necessarily lead to a net increase in turnout progres- 
sion. It seems, in contrast that the elevated levels of  
PCNA expression found in poorly differentiated carci- 
nomas do not merely reflect high proliferative activity. 
Evidence has been obtained that UV irradiation of qui- 
escent human fibroblasts triggers the appearance of  
PCNA (Toschi and Bravo 1988). Against this back- 
ground the increased PCNA expression in poorly differ- 
entiated tumour cells may also be the result of  an activa- 
tion of  D N A  repair mechanisms in these genetically un- 
stable turnouts, which are often characterised by aneup- 
loid DNA distribution patterns. This suggestion is fur- 
ther supported by the observation that in this study there 
was a significant association between high levels of  
PCNA immunoreactivity and D N A  aneuploidy. Only 
about 10% of  the carcinomas with histograms of  type 
I (diploid) exhibited high levels of  PCNA expression. 
In contrast about one-third of the tumours with aneup- 
loid histograms of  type IV were highly PCNA immuno- 
reactive. 

Investigations on the duration of  mitosis in three hu- 
man breast cancer and one embryonal carcinoma cell 
line using a video-based time-lapse technique suggest 
that cells with near-diploid D N A  distribution patterns 
complete the cell cycle significantly faster than highly 
aneuploid variants (Sennerstam and Auer 1990). This 
is plausible, as genetically stable cells with less extended 
D N A  alterations do not have to accomplish the same 
D N A  synthesis rate and seem not to activate DNA  re- 
pair mechanisms to the same extent as aneuploid cells 
with highly increased amounts of  nuclear DNA. One 
should expect that carcinomas characterised by high 

proliferative activity and near-diploid D N A  distribution 
patterns revealed rapid tumour progression. This hy- 
pothesis was confirmed by our findings. Though the 
number of  patients was limited it is noticeable that all 
patients with carcinomas that met the above mentioned 
criteria had a significantly poorer  clinical course, than 
patients with near-diploid carcinomas of  D N A  histo- 
gram type III that where composed of  less than 20% 
PCNA immunoreactive cells. Similar observations were 
made by Clark and co-workers, who found that diploid 
mammary carcinomas with a high S-phase fraction, as 
determined by flow cytometry, had a poorer  prognosis 
than diploid tumours with a low S-phase fraction (Clark 
et al. 1989). 

The association between elevated levels of PCNA ex- 
pression and histopathological criteria connected with 
poor  prognosis (high histological grade, DNA aneu- 
ploidy, and presence of  immunohistochemical c-erbB-2 
expression) might lead one to expect that the PCNA 
expression alone could be a significant prognostic factor. 
This was not confirmed by this study. Tumour progres- 
sion seems not  to be dependent on the proliferative activ- 
ity that can be assessed on a surgical specimen at the 
time of  operation. Tumour cell proliferation is probably 
indicative of  interactions between the effects of  onco- 
genes, angiogenesis and other factors. 

We conclude that the assessment of  the PCNA immu- 
noreactivity in combination with nuclear D N A  measure- 
ments on archival surgical specimens may add valuable 
prognostic information in a subgroup of  patients. Near- 
diploid tumours with increased PCNA expressions seem 
to be a risk-group. Additionally, the assessment of  tu- 
mour cell proliferation is gaining further importance in 
the therapeutic frame works in which chemo- and or 
radiotherapy are employed. It is noteworthy that assess- 
ments of  both PCNA immunoreactivity and nuclear 
D N A  content can be performed on pre-operatively taken 
fine-needle aspirates. This might contribute to individ- 
ual, patient adapted treatment procedures at an early 
stage of  therapy. 
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