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PREFACE

This book is the record of the proceedings of a NATO Advanced
Study Institute held in Erice, Sicily, from the 2nd - 12th June
1981, during which scientists and clinicians interested in the
problems presented by cancer of the kidney and the prostate were
encouraged to present, to discuss and to challenge the opinions
expressed and the beliefs held by the different contributors.

It is uncommon for scientist, physician, and surgeon to meet
with great regularity or for prolonged periods of time and it must
be exceedingly rare for such people to immerse themselves in each
other's work and company for a period of almost two weeks. For this
to occur in a situation of total isolation such as that provided by
the marvellous Ettore Majorana Centre in Erice, Sicily must be
unique.

The fact that differences of opinion remain will be evident to
all who read the book, as will the wealth of scientific and clinical
work being undertaken within and beyond the NATO countries.

We are very much indebted to the Science Committee of NATO for
their recommendation for support for this meeting and to the Ente
Fiuggi and to several pharmaceutical firms.

We should also like to acknowledge our gratitude to Miss Pinola
Savalli and Dr. Alberto Gabriele, who played such a large part in
making our meeting both pleasant and successful, to the Department
of Medical Illustration at St. James's University Hospital, Leeds,
and to Mrs. S. Conyers, Miss M. Calder, Mrs. S. Purdie, and Miss S.
Stevenson of the Departments of Urology and Oncology of St. James's
University Hospital, Leeds, for the enormous amount of work which
they have undertaken in preparing and typing this volume.
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RENAL CELL CARCINOMA AND CARCINOMA OF THE PROSTATE;

ACHIEVEMENTS AND CHALLENGES

B. van der Werf-Messing

Rotterdam Radiotherapy Institute
Rotterdam
Holland

RENAL CANCER

In spite of advances in all fields of medical science, the
prognosis of renal cell carcinoma has not improved during the last
25 years. The development of more sophisticated diagnostic tools
such as arteriography, cavography, ultrasound and C.T. scan facili-
tate a more accurate assessment of the extent of the primary growth
and its spread; however this knowledge has not yet contributed to
therapeutic adaptations which result in a better prognosis (Table 1).

Simple nephrectomy and radical nephrectomy yield about the same
cure rate. Preoperative irradiation increases local operability and
hence local cure rate, but has not contributed to a better prognosis.
The same applies to postoperative irradiation (1,2). Apparently
prognosis is usually already determined by subclinical metastasis at
the time of operation. In a patient with a solitary distant metas-
tasis it remains doubtful whether removal of the primary has any
beneficial influence on the course of the disease. Embolisation of
the primary, followed by nephrectomy, might improve prognosis in case
of limited metastasis (3).

In patients with multiple metastases either at the time of diag-
nosis or after previous nephrectomy, hormone therapy which seemed to
be promising - 17% success up to 1971 - has turned out to be disap-
pointing - 1.6% success after 1971. Chemotherapy, though sometimes
producing partial regression or stabilisation has not improved prog-
nosis. Immunotherapy, as the sole type of treatment or in combi-
nation with hormone treatment or chemotherapy, seems to be promising
but still no proven improvement has yet been demonstrated (4). Radio-
therapy delivered to painful or threatening metastases (threatening

1



2 B. VAN DER WERF-MESSING

Table 1. Renal cell carcinoma - survival rates in literature

5 O
Author Type of tumour No. of patients % 5 year

treated survival
Riches 1964 (5) Well differentiated 42 70
Poorly differentiated 42 30
Renal vein - 60 58
Renal vein + 26 27
Skinner et al Tl T2
1972 (6) Renal vein - 102 65
Renal vein + 59 64
Murphy 1973 (7) T1 T2 46 57
T3 T4 40 49
Werf-Messing et Renal vein - 104 65
al 1978 (2) Renal vein + 62 28
Syrjinen & Hjelt  Papillary 53 53
1978 (8) Glandular/Tubular 31 58
Undifferentiated 27 37
Sullivan et al IT1 T2 24 T4
1974 (9) Simple T3 9 66
nephrectomy |Renal vein +'}
{or N1 N2 10 20
[T1 T2 13 31
Radical 1713 7 86
nephrectomy [Renal vein +
lor N1 N2 1 29

fracture or paralysis) usually results at least in "partial regres-
sion" and - if not given too late - very often in "local control"
(Table 2). Half Body Irradiation (lower half or upper half depending
on the site of the most distressing metastases) can also relieve

pain (10).

As from a prospective study at the Rotterdam Radio-Therapy Inst-
itute could be concluded that invasion of the renal vein is the most
important prognostic criterium (2), elective adjuvant therapy seems
justified in these high risk pateints. Adjuvant chemotherapy, immuno-
therapy or hormone therapy could be considered; however, in view of
their poor results in patients with proven clinical metastases, a
beneficial effect is doubtful but could still be investigated.
Elective irradiation of high risk regions could theoretically improve



ACHIEVEMENTS AND CHALLENGES 3

prognosis (2). Another approach, elective total body hyperthermia
with or without low dose total body irradiation in patients with
proven renal vein involvement could be rewarding; this approach is
now being investigated at the Rotterdam Radio-Therapy Institute.

PROSTATIC CANCER

Prostatic cancer has been a challenge since the beginning of this
century. 1In 1911 Jean Cauhapé (11) published the results of the first
radium implants in prostatic cancer. About three decades later
Huggins et al (12) discovered by serendipity the beneficial influ-
ence of oestrogens on prostatic cancer. Since that break-through
most prostatic cancer patients in the world have been treated endo-
crinologically and other approaches were only pursued in a few cen-
tres. Only after the publication of the Veterans' Administration
Study (13,14) which showed that hormone treatment as the initial
approach in non-metastatic prostatic cancer was not the ideal type
of treatment, was interest again focussed on new possibilities.

Accurate staging, using for instance the TNM classification of
the UICC, made it possible to compare treatment results in comparable
groups of patients. Improved diagnostic procedures facilitated more
accurate staging. However, careful rectal palpation still remains
the most accurate diagnostic procedure (15).

In patients with no evidence of distant metastases (MO) radical
surgery in the lower T categories yields excellent results. The same
can be achieved by interstitial implants of radio-active material.

A comparable prognosis is offered by external megavoltage irradiation
(Table 3,4). Though results in the same T categories are compared,
selection of the cases according to general condition and age does
influence the choice of therapy. The main advantage of radiation
therapy is the low risk of loss of sexual potency (about 14% after
external irradiation and less than 5% after interstitial implant).

There are nearly no complications after interstitial implant in
combination with lymphadenectomy; after external irradiation they
are acceptable, though multiple transurethral resections or other
surgical interventions in the irradiation area do increase the risk
of radiation complications (16 - 21).

Survival is largely influenced by the histological grade of the
primary. If distant metastases develop hormone therapy can still
prolong life considerably in patients with highly and moderately
differentiated growths. However, in patients with poorly differ-
entiated lesions the endocrine approach usually fails.

In those with distant metastases and failure of hormone therapy,
chemotherapy also appears to be of no substantial value, though some
partial responses have been reported (18). Also immunotherapy has
been disappointing (22).
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Radiation therapy of metastases can prevent fractures, eliminate
pain and prevent neurological disasters. Pain can also be relieved
by pituitary ablation (radiation therapy, implant with radio-active
material, injection with alcohol). In case of disseminated painful
metastases half body irradiation can yield temporary pain relief (39).

Attempts to improve prognosis can be focussed on improved cure
rate of the loco-regional malignancy and on preventing subclinical
metastases becoming clinically manifest.

Improvement of loco-regional results by combining hormones and
irradiation could not be achieved (Table 4). Increasing the field
of irradiation, so as to include all potentially involved regional
lymph nodes, has also been unsuccessful (Table 4). The application
of multiple daily fractions might offer better results at the cost
of more treatment inconvenience to the patient. Theoretically a
Pi-meson booster to the prostatic region, after irradiation of the
primary and the regional lymph nodes, could improve local cure rate
and perhaps prognosis, without increasing the risk of complications.
This concept will be implemented at the Pi-meson facility in Villigen.
The combination of irradiation with local hyperthermia could theor-
etically also improve loco-regional results without enhancing the
risk of damage.

In prostatic cancer the local cure rate is probably not the
main problem though the meaning of persisting positive biopsy or
positive cytology after external irradiation is still controversial;
as prostatic cancer is a slowly growing malignancy and as after radi-
ation therapy cancer cells only disappear at the time of mitosis, it
is possible that non-viable cells will persist for a long time with-
out having any prognostic meaning (17,21,37,40-45). It is most
likely that at the time of treatment of the primary sub-clinical
metastases already exist. The most reliable indicator for their
becoming clinically manifest appears to be an elevated prostatic
acid phosphatase in the serum (21). The problem remains whether
systemic therapy should be given at the time of the first indicator
or at the time of clinical evidence of metastases.

In patients with poorly differentiated lesions about 70% who
initially present without clinical evidence of distant metastases
will develop metastases within three years (21). As these metas-
tases are usually unresponsive to hormone therapy (or respond only
for a short period) and as no really effective chemotherapy or
immunotherapy has yet been developed, a pilot study was started in
Rotterdam to give elective lower and upper half body irradiation in
these high risk cases. The results of the pilot study are presented
in Table 5. The procedure is dangerous and requires, in view of the
high risk of serious thrombocytopenia (Fig. 1), the facilities of
sophisticated hematological support. In a prospective randomised
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Table 5. Poorly differentiated prostatic cancer T3,4 MO treated
at the Rotterdam Radio-Therapy Institute electively with 6
Gy lower HBI followed 9 weeks later by 6 Gy upper HBI

Alive 15/20 Dead 5/20
6 - 12 months : 7 1 month : sepsis after lower
HBI
13 - 18 months : 6 (1 with mets 6 months : sepsis in another
after 18 mths) hospital
3 months : Guillain Barré syn-
19 - 24 months : 2 drome (PM: no mets)

12 months : lung cancer

17 months : mets (evident after

12 mths)
Hb L T
\4
mmol /1 x 107/1
g H ]
: ]
° :
o : H
9
104 10 200
3
[
99 97 95.000000000°7%0,  _og 000 8.6
A A o9 .
84 84 X l‘ inbabadiad M % ©00000000°°
1504 % J ' % g:o°
74 74 ) ’ % 002
2 Y J K ©0000000°%,0% 4
L ' ’ e
54 54100 v [} ’ st
L\ T
Y ¢ -
44 44 1 [
LN v
34 3 % - -~ 3.0
0 5 ’C'
24 24 cama?
14 14
’ﬁ. ’ . . T ek
LHBI UHBI
Hb (000 ) = Hoemoglobin L (osoeoe ) = Leucocytes T (we =) = Thrombocytes

Fi Fig 1. Hematological effects of half body irradiation in
advanced prostatic cancer.

trial the value of this approach is now under investigation at the
Rotterdam Radio-Therapy Institute. It is hoped that in some instan-
ces the existing subclinical metastases can be eradicated, and that
in others the treatment may postpone the time at which they become
clinically evident.
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PROSTATIC CANCER: EPIDEMIOLOGY AND ETIOLOGY

C. Bouffioux

Univeristy of Lidge
Liége
Belgium

INTRODUCTION

Cancer of the prostate is a very common disease in western
Europe and in the United States: it is one of the leading causes of
death from cancer in man. However, the incidence of the disease is
sometimes controversial due to a confusion in terminology and methods
of statistical computation.

One must distinguish on the one hand between overt cancers with
urinary or metastatic signs and symptoms and on the other hand latent
cancers which do not manifest any symptomatology and are discovered
by chance or by systematic pathological investigation.

The incidence of microscopic cancer, studied by the "step section
technique" is shown in figure 1: as clearly demonstrated, it incr-
eases exponentially and over 50% of men over 80 have some microscopic
areas of cancer in their prostate (1,2). A routine microscopic
analysis (a few sections at random in the gland) ignores many micro-
scopic cancers, as shown in figure 2. The striking difference bet-
ween the curves suggests that the tumor has a long period of biologi-
cal latency, about 20 years (1).

The clinical incidence of prostatic carcinoma is, happily, far
below the microscopic incidence. This disproportion is due to many
factors including the fact that prostatic cancer is a disease of the
elderly man and that many such subjects with focal and unsuspected
cancer die of other conditions such as cardio-vascular, respiratory
and other diseases.

17
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Fig. 1.

Fig. 2.
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INFLUENCE OF AGE

Figure 3 shows the age distribution of patients in whom prostatic
cancer (P.C.) was first discovered in our department (3). A quick
glance leads one to suppose that the incidence of the disease decr-
eases after 80 years. However, the percentage of distribution by
age group is biased by a significant decrease of the population after
80 and probably also by less accurate diagnosis in these older
patients.

If one considers the mortality rate by decade, relating the
number of deaths in each decade to the living male population in that
decade, one observes that the chance of dying of P.C. rises rapidly
with age: above 80 years, it is nearly 500 times greater than at
50 years (figure 4).

RACIAL AND GEOGRAPHIC INFLUENCES

Figure 5 shows the mortality rate for P.C. in 16 countries in
1969. Great differences are observed in the distribution of the
malignancy which appears to be very common in Western countries and
much more uncommon in Eastern countries, especially Japan.

Such differences are also observed in the United States where
the incidence of P.C. increases much faster among blacks than among
whites and in the Hawaiian Islands where important discrepancies are
noted among racial groups living in the same social conditions.
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Fig. 4.

Fig. 5.
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Although the results can be biased by several factors, such as
quality of medical care, median survival rate, and the organisation
of a Cancer Registry, the great discrepancy between caucasians and
Japanese is stressed by all epidemiologists (4-7). Therefore, a
racial, genetic, perhaps hormonal, factor seems to favour the incid-
ence of the disease.

However, this statement must be tempered by the following con-
siderations:

1. Microscopic prostatic cancer, as demonstrated by autopsy data,
is as common in Japanese as in. caucasians (8,9). If this is
so, the difference in the clinical incidence of the disease
would result from a more rapid evolution of in situ cancers
among whites, and not from a difference in the oncogenic trans-
formation rate.

2. Racial differences partially disappear when one considers the
incidence in immigrants coming from low-risk countries and
living in high-risk countries; Haenzel and Kurihara (10) have
drawn attention to these differences (Table 1). If substan-
tiated, these data suggest that environmental factors also
play a role in the growth of the disease.

TIME TRENDS

An increase in the P.C. mortality rates has been reported during
the last decades as shown in figure 6.

It may be questioned whether or not the increase is real. As
a matter of fact, we believe, like many others, that the longer life
span, better diagnosis and better statistical enquiries can often
account for the reported rise. However, in the United States, age-
adjusted mortality rates have risen precipitously among blacks, and
yet remained unchanged among whites (figure 7).

Table 1. Carcinoma of the Prostate. Percentage
Mortality in Relation to Age (10).

Mortality % with Age

65-T4 y. 75 y. and over
Japanese 11.6 28
Issei 40.2 130

American (whites) 92.6 307.5
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Ernster, Selvin and Wilkenstein (11} examined the mortality
rates by age and birth cohort and observed that peak rates occured
at every age in the cohort 1896-1900 and declined thereafter (fig-

ure 8).

This presages a reversal of time trend, as more recent non-
white cohorts reach the ages of maximum risk.

If this observation

is consistent, it would be of the greatest interest to research the
historical experience of the 1896-1900 cohort in attempting to detect
a common feature which could explain the higher risk in this cohort.
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SOCIAL, ECONOMIC AND RELIGIOUS FACTORS

Many investigations have been made .in attempts to correlate
P.C. and socio-economic status (S.E.S.). The results are in contra-
diction: Hakky, Chisholm and Skeet (12) found a higher risk with a
lower S.E.S. but most of the other studies (4,5,13) failed to indi-
cate any correlation.

King et al (5) reported a higher frequency among Protestants,
lower among Jews and intermediate among Catholics for the population
of New York City,

Wynder et al (4) established that the profile in each religion
group reflects that of their place of origin (e.g. differences bet-
ween Jews from Europe and Jews from Asia are larger than between
European Jews and European Catholics) in such a way that ethnic
factors alone can explain the discrepancy.

MORPHOLOGY, MARITAL STATUS, FERTILITY AND SEX HABITS

The hormonal dependence of P.C. has naturally led investigations
in this direction.

Anthropometric studies including height, weight, somato-type
and hirsutism failed to reveal any statistical difference between
P.C. patients and controls (4,14).

A few authors have suggested that there is a higher rate of
P.C. among married men and mainly among fertile men (5,15): a posi-
tive correlation between the number of children and the risk of P.C.
seems to exist so that fertility and sexual activity were considered
as risk factors.

Steel et al (16) reported greater sexual drive in P.C. patients
as indicated by multiple sexual partners and greater extra-marital
activity. A recent paper by Schuman et al (17) also came to the
same conclusion and suggested a role for viral factors in the causa-
tion of disease in the urethra and prostate. However, the number
of children is a very unreliable indicator of man's fertility and
marital status and sexual behaviour depend on so many factors (social,
cultural and educational) that these parameters are of little value
in assessing the risks of development of P.C. Nevertheless, sexual
activity derserves consideration because it offers a risk of uro-
genital contamination and many arguments suggest the possible role
of viruses in the development of P.C.

VENEREAL DISEASE, PROSTATIC INFECTION

In 1942, on the basis of low incidence of P.C. among Jews,
Ravich (18) presented the concept that it was a venereally trans-
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mitted viral disease and that circumcision could protect against it.
In a recent paper (19), the same author incriminates the method of
statistical computation of P.C. in Japan, where early prophylactic
circumcision is not performed and where P.C. is rare, to defend his
opinion. In fact, circumcision does not seem to protect against
P.C.: Kaplan et al (20) Wynder et al (#) found no statistical differ-
ence in the number of circumcisions between non-Jewish cancer pat-
ients and controls.

Chronic prostatic infection as a possible cause of P.C. led some
authors to look for a relationship with a previous history of gon-
orrhea. Reports from Wynder (4), Kaplan (20), Steel (16) and Krain
(21) resulted in contradictory conclusions and prompted Heshmat et
al (22) to perform new studies. These authors presented a very
interesting analysis of association of the incidence of gonorrhea and

prostatic cancer mortality rates in Denmark.

As shown in figure 9,

both curves correlate quite well with a free period of 45 years, as
if gonorrhea could induce local changes transforming prostatic cells

after a long period of latency.
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Two hypotheses have been advanced to explain this relationship:

a) Venereal-viral hypothesis: gonorrhea allows an oncogenic
virus to infect prostatic cells and induce potential changes leading
to malignant transformation.

b) Chronic prostatitis hypothesis: bacterial chronic inflam-
mation of the prostate induces atrophic and dystrophic pre-malignant
lesions.

If this relationship proves to be true, we would expect a highly
significant increase of P.C. around the end of this century, consid-:
ering the dramatic rise of venereal disease since 1958. However,
quick cure of gonorrhea since the advent of antibiotics in 1945 must,
in our opinion, considerably 1limit the influence of this hypothetical
factor,

HEREDITY, BLOOD GROUPS

Morganti et al (23) and Woolf (24) clearly demonstrated a higher
rate of P.C. among the relatives of P.C. patients. If it is poss-
ible that a genetic component favours the development of the malig-
nancy, then the problem is: what is the genetic cause of the dis-
ease?

We have studied the distribution of blood groups among our
prostatic cancer patients and we have compared this distribution with
that of the general population in our country. As shown in Table 2,
there is no significant difference especially if we consider that
some P.C. patients with blood group AB received transfusion with
group A blood.

Table 2. Relationship Between Blood Group
and Cancer of the Prostate

Grou Prostate Cancer General
p (250 patients) Population

0 50.5 % 43 %

A 41.1 % 37 %

B T.4 % T %

AB 1 % 3 %
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ENVIRONMENTAL FACTORS, TOXICITIES, IRRADIATION

Enquiries on tobacco and alcohol consumption among P.C. patients
and controls did not show any disproportion (4), and an interesting
study performed by Bean et al (25) on routine autopsy material from
Hiroshima and Nagasaki showed no relation between the presence of a
P.C. and the dose radiation category.

Some workers postulating an association between the degree of
urbanization and the incidence of P.C., suggested that the difference
between urban and rural areas might be correlated to the level of
suspended particulate air pollution (5,26). However, our own analy-
ses on the relative frequency of P.C. by area in Belgium and similar
analyses from England and Wales do not provide such evidence. It
is possible that the unequal distribution of medical care and an
uneven accuracy in the keeping of Cancer Registries in rural and
urban areas may account for the differences.

Few data are available concerning the influence of industrial
and domestic toxicities but Kippling and Waterhouse (27) drew atten-
tion to the high and statistically very significant incidence in P.C.
among 248 workers exposed to cadmium dust. Such observations des-
erve further study.

PROSTATIC ADENOMA AND CARCINOMA

Widely diverging opinions have been put forward regarding the
relation between benign prostatic hypertrophy (B.P.H.) and P.C.

Greenwald et al (28) compared the risk of developing a cancer
among a group of adenomectomized patients and an age-matched group
with prostatic enlargement: they found no differences but Armenian
et al (29), in a prospective and retrospective study, found that the
relative risk of developing a P.C. was three to five times higher
among non-operated B.P.H. patients as compared to controls without
prostatic enlargement. Further studies are required to establish
a firm correlation but one must admit that the old-fashioned idea
that adenoma protect against cancer must be discarded. On the other
hand, considering that nearly 50% of the males present some degree
of asymptomatic B.P.H. after the age of 60 and that prostatic cancer
deaths for these age-groups represent about 1%, one realises that
the relationship is far from obvious.

ASSOCIATED DISEASES
To our knowledge, there is no report of extra-genitourinary
disease or physical condition significantly associated with P.C.,

except for the negative relationship with cirrhosis.

Liver cirrhosis provokes hyperestrogenism as a consequence of
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decreased liver metabolism of estrogens. In order to determine the
effect of hyperestrogenism on the incidence of P.C., Glantz (30) com-
pared, by routine autopsies, 550 patients with cirrhosis and 650 pat-
ients without liver disease: he observed a 3.3% P.C. rate among the
cirrhotic group and 9.0% in the control group. The age-group distri-
bution is illustrated in figure 10.

This study confirms the prophylactic effect of estrogens on the
growth of a clinical prostatic cancer but does not demonstrate any
decrease in microscopical cancer as histological examination was not
performed with the step section technique.

VIRUS AND CANCER

Paulson et al (31,32) induced, by viral manipulation (SV-40),
in vitro, the transformation of normal hamster prostatic tissue into
neoplastic tissue, exhibiting the characteristics of an undifferen-
tiated carcinoma. Transformed cells injected into appropriate hosts
gave rise to cancers showing some analogy with P.C.

Virus-like particles have been identified with electron micro-
scopy in various specimens of P.C. (33). In addition, many recent
experimental studies provide arguments in favour of the viral-onco-
genic hypothesis of Todaro and Huebner (34). Immunological investi-
gations have detected antibodies against known oncogenic viruses like
SV-40, Herpes 2, Cytomegalovirus (35,36,37) but these antibodies are
often not cancer specific and can be discovered in people without
malignant disease (38).
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The role of sexual activity, in particular with partners having
genital infections, also provides arguments for the possible influ-
ence of viruses.

Although there is no evidence yet of a viral origin of human
prostatic cancer we cannot ignore these studies relating prostatic
cancer and viruses; the hypothesis of a viral origin of Human Pros-
tate Cancer modulated by genetic, individual and environmental fac-
tors cannot be neglected.

ENDOCRINE STATUS

There is no doubt that changes in the hormonal environment influ-
ence the evolution of prostatic cancer. As a reminder, prostatic
cancer does not exist among true eunuchoids; hyperestrogenism and
post-pubertal castration greatly reduce the incidence of the disease:
there is a very close relationship between the geographical distribu-
tion of prostate cancer in males and breast cancer in females.

Many workers have attempted to stress changes in the hormonal
status of «prostate cancer patients (39-44). We have determined the
levels of testosterone, LH and FSH in men with P.C., B.P.H. and in
men free of prostatic disease. The relevant data are given in
Table 3. Like many others, we could not find any statistical
differences among the three groups.

Similarly, hormonal levels found in low-risk populations like
the Japanese and high-risk populations did not reveal any difference.

Table 3. Hormone Levels in Prostatic Cancer, Benign
Prostatic Hypertrophy and Patients Free of
Prostatic Disease

Testosterone LH FSH No. of Mean

Patient .
atients (ng/100 ml) (MUI/ml) (MUI/ml) Cases Age

No prostatic
disease 4144/-251 16.3+/-9.1 14.4+/-7.2 20 71.1

B.P.H. 439+/-279 11 +/-7.6 13.2+/-5.8 20 70.3

P.C. 444+/-261 12.1+/-4.8 13.8+/-9.7 20 68.8
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At the present time, the study of the endocrine status does not
provide arguments explaining the relative risk of P.C. Of course
the intra-cellular metabolism of hormones in prostatic cancer cells
shows quantitative, if not qualitative, differences with normal pros-
tatic cells but these changes reflect the modifications induced by
the neoplastic state rather than the cause of the transformation.

CONCLUSION

Except for age, race and possible but as yet obscure environ-
mental and genetic factors, little is known about the causes favouring
the development of carcinoma of the prostate. It is most probable
that the disease, like most other malignancies, does not depend on
a single etiology and that we are dealing with complex interactions,
some facilitating and other inhibiting any potential oncogenic trans-
formation.

Much work remains to be done to obtain a better understanding
of the origin of the disease, so that a more adequate measure can
be taken to prevent and detect this common cancer.
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SOME OBSERVATIONS ON INCIDENCE AND NATURAL HISTORY

OF PROSTATIC CARCINOMA

G. Lingérdh, J.E. Johansson, L.B. Schniirer

Regionsjukhuset
Orebro
Sweden

The natural history of prostatic cancer is incompletely known,
especially its preclinical and early clinical phases. According to
the Swedish Cancer Registry the incidence is increasing but the mor-
tality rate is not rising in a similar manner (1,2). Thus the bio-
logical activity of the cancer often seems to be so low that clinical
symptoms do not appear.

The frequency of prostatic cancer in the population has prev-
iously been evaluated from autopsy studies in which the prostatic
glands from all patients, whatever the cause of death, were serially
sectioned for histological studies. Liavgg in a Norwegian study in
1968 found 26.5% of histologically detectable cancer in men older
than 50 years (3) and in material from Malm8 in Sweden from 1970
Lundberg and Berge (4) found a frequency of 39.7%.

.. During the last decades we have had a fairly constant population
in Orebro as a basis for our clinical material of prostatic diseases.
For many years all prostatic patients in the district have been sent
to us rather than taken care of by other doctors or institutions.

It can be calculated that from our population of 170,000 we should
have around 26,500 men over the age of 50. Thus from the previous
autopsy frequencies of histologically verifiable prostatic carcinoma
it can be calculated that we have something between 6,000 and 9,000
cases of prostatic cancer to detect.

In an earlier study from our department (5), it was shown that
during the late fifties the annual detection rate was around 40 new
cases per 100,000 men. More recent studies show a figure of 70/
100,000 men during the late sixties. At present we have almost
doubled the detection rate to 130 cases/100,000 men per year within
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the last decade. This means that with unchanged diagnostic effort
we are now able to detect approximately 1/3 of all calculated cases
of histologically detectable prostatic carcinoma in our population
while the patients are still alive.

During the three year period March 1977 - April 1980 301 new
cases of prostatic carcinoma were detected and staged according to
the VACURG criteria (6) (Table 1).

Compared to most earlier series, e.g. the VACURG material from

1967 (6) with 13% early stages, the patients with early stage disease
now dominate the picture. More than half the tumours in our material
are in stage I and II. Tumours of low grade malignancy dominate
stage I and are fairly common in stage II. Because of this change
and the fact that the mortality rate for prostatic carcinoma had not
increased to the same amount as the morbidity rate, we decided to
apply a detailed program of observation without treatment to patients
in stage I and those with well differentiated carcinomas in stage II.

Till now, during a mean observation time of three years, 14 of
100 untreated patients have died (none of prostatic cancer). Most
of them (9 cases) died from cardiovascular diseases. If some kind
of treatment had been given the deaths would erroneously have been
attributed to the therapy. However, even selected by the above
criteria, prostatic cancer is by no means a harmless disease as 9
of the patients progressed - one patient in stage I and two patients
in stage II developed osseous metastases after an observation time
of 1 - 3 years, while the others had local progression of tumour
growth. So far however, all these patients have had a good and prompt
response to therapy instituted at the time when progression was dis-
covered.

Table 1. Prostatic Cancer, 5rebro, March 1977 - April 1980

Histological Grade

Patients
Low Medium High
Stage I 53 39 13 1
Stage II 105 49 43 13
Stage III 62 10 38 14
Stage IV 81 13 36 32

Total 301 111 130 60
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CONCLUSIONS

An increasing number of prostatic carcinomas, mainly in the
early stages, are diagnosed due to increased watchfulness and easier
and more accessible diagnostic methods, for example fine needle biopsy.
A shift to early detection of the cancer has occurred. Thus, more
than 50% of the patients are now in an early stage of the disease at
diagnosis and this fact may have changed the clinical picture of the
prostatic carcinoma patients taken as a group. Some of the cancers
are detected by chance while the patients are investigated for some
other disease such as cardiovascular or other serious illness. This
will unfavourably influence the patients' life expectancy as compared
to the general population of comparable age. This fact should be
considered in therapeutic trials. Moreover the serious drawbacks of
most kinds of treatment should be carefully weighed against possible
advantages for the patients' quality of life in a group like this, in
which many patients are fragile and others probably will never have
trouble with their cancer during their life time. However, some un-
treated patients progress rapidly and ordinary histological and cyto-
logical methods are not sufficient to discover those in which such
rapid progress will occur. Other methods designed to determine the
biological activity of prostatic carcinoma are urgently needed to
indicate which patients can be safely left without treatment.
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INTRODUCTION

Many aspects of human cancer can only be investigated properly
by the use of suitable experimental model systems. In the field of
prostatic cancer such model systems are relatively scarce. For any
model system, it is essential that its properties reflect those of
the human situation as closely as possible. Isaacs and Coffey (1)
have published a list of requirements that should be fulfilled by
an ideal animal model for prostatic cancer. Some of the most
important properties of the ideal prostatic cancer model are:

(i) histology similar to human prostatic cancer
(ii) metastatic patterns to lymph nodes and bone
(iii) slow growth rate

(iv) initial response to hormonal manipulation

(v) wultimate relapse to hormone insensitive state

It is not likely that the ideal model does exist. However, each
model should be characterized extensively, especially with respect
to the points just mentioned, before treatment studies are
performed.

In this paper three types of model systems will be considered:
(a) models derived from spontaneous animal tumours

(b) models dervied from induced animal tumors; and
(c) transplantable human tumors.
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SPONTANEOUS ANIMAL TUMORS

In contrast to its occurrence in man, the incidence of
prostatic cancer in laboratory animals is relatively low (2). Most
of the spontaneous animal tumors have been found in aged rats.

Dunning Tumors: In 1961 Dunning (3) discovered a prostatic adeno-
carcinoma in an aged Copenhagen rat. This tumor has been passaged
by subcutaneous transplantation since its original discovery and
gave rise to more than ten distinct sublines (4-6). One of these
sublines, R3327-H, appeared to be composed of both androgen-
sensitive and androgen-insensitive cells (5,7,8). From this tumor
line an androgen-insensitive subline, R3327-HI, has been isolated
by long-term passage in castrated male rats (5). Another androgen-
independent subline, the rapidly growing anaplastic tumor, R3327-AT,
did arise spontaneously from the R3327-H tumor (8). Several studies,
especially on the -H, -HI and -AT sublines, have been published in
which the histological appearance, the hormonal dependence (5), the
tumor kinetics (9), the immunological parameters (9,10) and the
biochemical properties (11) were described (for recent reviews, see
refs. 1 and 12).

The three related sublines, R3327H, R3327HI and R3327AT are
especially suited to search for possible markers for hormonal
dependence. As expected, the highest levels of androgen receptor
was found in the hormone sensitive subline (1). Also Coffey and
co-workers have elaborated a method that employs enzyme activities,
rather than receptor concentrations. A so-called relative enzyme
index, R.E.I., has been defined as follows:

R.E.I. = (3 A~ HSD) x (LAP) x (LDH)

(5 -~ reductase)(7 A\ 6 A hydroxylase) (Alk P) (11)

(HSD = hydroxysteroid dehydrogenase; LAP = leucin amino peptidase;
LDH = lactate dehydrogenase; Alk P = alkaline phosphatase).

The enzyme activities were normalized to those measured in the
normal dorsolateral prostate of the rat. As shown in Table 1, the
values of the R.E.I. are widely different for the three different
sublines. It is worthwhile to check whether a similar method
might be applied to human tumors as well.

The heterogeneity of the Dunning tumor sublines may well
reflect the variability observed with human prostatic cancer, e.g.,
with respect to its biological behavior or to its response to
therapy. The natural history of the H and the HI sublines
demonstrates that the well known phenomenon of change to the
hormone insensitive state could be the result of a selection process.
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Table 1: Relative enzyme index in Dunning tumor sublines
(after ref. 11)

range average R.E.TI.
R332TH 0.7-4 0.89
R332THI 26-110 41.4
R3327AT 2337-9260 2533

Pollard Tumors: Other interesting prostatic tumor lines have been
developed from three spontaneous tumors detected by Pollard in aged
germ-free Lobund-Wistar rats (13). The tumor lines, that were
designated as PA-I, PA-IT and PA-III, differ on the basis of morph-
ology, histology and the pattern of metastasis (14). Male rats
appear to be somewhat more susceptible to tumor transplants than
females, but a detailed endocrinological characterization has not
yet been accomplished. 1In all lines there is a partial response to
DES. An important feature of the Pollard lines is their ability

to metastasize to the lymph nodes and the lungs (15,16). Some
studies on the modulation of metastasis have been carried out (16).

INDUCED ANIMAL TUMORS

In addition to the spontaneous tumors, a few models based on
induced prostatic tumors have been described. Most important of
these are the tumors, described by Noble, initiated by prolonged
exposure of Nb rats to steroid hormone implants. Such treatment
has resulted in a number of transplantable tumor lines originating
from the dorsolateral prostate (17,18,19). The tumors were either
androgen-dependent, estrogen-dependent, or autonomously growing (20).
The growth rate is not much different for the three types of tumor
(doubling time around five days). The autonomous lines tend to
metastasize more readily than the hormone-dependent lines. The
tumors have also been grown in nude mice (21) where the hormone
dependency is similar to that in the rat.

A very interesting observation with the hormone-dependent Nb
tumors is the prevention of autonomous growth by a low dose of
hormone. Complete withdrawal of hormones (by removal of the
steroid implant) did ultimately result in the recurrence of a
hormone unresponsive tumor. However, if the original steroid im-
plant was replaced by an implant containing a lower dose of the
same steroid (20%), the tumor that recurred appeared to have re-
tained its hormone responsiveness (22). Thus, the change to
autonomy could be prevented by means of a low maintenance dose of
steroid. This finding could imply that hormone dependence is a
property that might be influenced by the endocrine environment.
This is in contrast with the view, supported by the establishment
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of the Dunning R3327H sublines, that the change to autonomy is due
to a selection process. It is obviously of greatest interest to
find out whether either of these mechanisms, or perhaps both, is
operative in human prostatic tumors.

TRANSPLANTABLE HUMAN TUMORS

Although valuable information about the biological and bio-
chemical properties of prostatic cancer will be obtained from the
studies using the models mentioned above, these models all share
a common disadvantage, their non-human origin. For that reason
several attempts have been made to propagate human tumors in
immunodeficient animals, such as the athymic nude mouse. So far,
however, very few successes have been reported in this line of
research.

In vitro cell lines that originate from the human prostate, such
as EB33 (23), DU145 (24), PC-3 (25 and LNCaP (26), will in most
cases induce tumors in nude mice. With the possible exception of
the recently established LNCaP cell line, there are serious doubts
whether these cell lines can be considered as meaningful repre-
sentatives of prostatic carcinoma.

Only a few reports exist on the successful heterotransplant-
ation of prostatic tissue in nude mice. Shimosako et al (27) and,
very recently, Jones et al (28) have reported the establishment of
rather undifferentiated, hormone-independent tumor lines. Reid et
al (29) have described a transplantable line derived from a moder-
ately differentiated adenocarcinoma of the prostate. This tumor
has a slow growth rate and is at least partly dependent on androgens
(29). In our laboratory the transplantable line PC82 was developed
in 1977 from a moderately differentiated carcinoma (30). Some of
the characteristics of this tumor line are summarized in Table 2.

Table 2: Characteristics of the PC82 Prostatic Cancer (30)
Histology: adenocarcinoma; cribriform

Function: secretion present
human prostatic acid phosphatase
human LDH-isoenzymes

Growth: doubling time 15.8 + 2.5 days

Endocrinology: no growth in females
no growth in castrated males
regression after castration
androgen receptor present
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The histology of the tumor shows that it is an adenocarcinoma with
a cribriform pattern that resembles the structure of the original
tumor quite well. The tumor contains a large amount of human
prostatic acid phosphatase as demonstrated by immunohistochemistry
(30). Serum levels of acid phosphatase are significantly increased
in mice bearing the PC82 tumor. Also the presence of human LDH-
iscenzymes could be demonstrated in the tumor as well as in the
mouse serum.

The growth rate is relatively slow and has, until now, not
changed in subsequent passages. The PC82 tumor is, so far, complete-
ly dependent upon the presence of androgens since it did in no case
grow on female nude mice, nor on castrated male mice. Castration
of a male nude mouse bearing a PC82 tumor did result in regression
of the tumor. So far, recurrence after regression has not been
observed.

CONCLUSIONS

Some of the most important properties of the tumor models
discussed above, are compared in Table 3. This table shows that
there is a variety of models that differ with respect to rate of
metastasis, growth rate and hormonal dependence. This situation
does well reflect the differences in human prostatic tumors
clinically presented. It is therefore advisable to use different
appropriate models to study different aspects of human prostatic
cancer. The question of which of the presented models should be
considered as a realistic model for human cancer is very difficult
to answer at the present time. In this regard it should be noticed
that the big advantage of the PC82 model over all other models is
its human origin. Therefore the PC82 model might be considered as
a suitable model for human prostatic cancer, especially for studies
on the effect of hormonal manipulations.
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INTRODUCTION

The aim of this presentation is to give an overview of the
studies performed in vitro with prostatic tissue and also to give a
summary of our own work in this field.

"In vitro" culture of prostatic tissue is not a new technique
since Burrows et al (1) reported in 1917 the growth of cells from
an explant of human prostatic adenocarcinoma. After sinking into
oblivion for some decades, the method has been steadily developed
with the progress of technology. The increasing interest of tissue
culture techniques as a model for studying human prostatic adeno-
carcinomas is partially due to the lack of suitable animal models.

The theoretical advantages of "in vitro" techniques are
numerous:

- many experiments can be made with a minimum of tissue material;
- the medium surrounding the cells can be more or less precisely
defined and cells are not submitted to systemic influences;

- numerous drugs can be tested alone or in association;

- the tissue can be endocrinologically manipulated and direct
cellular influences can be studied;

- relations between epithelial cells and stroma can be studied
according to the type of the culture (cell or organotypic
culture);

- the growth can be monitored by rather simple cell counts;

- culture is the only way to study simunltaneously or repeatedly
the influences of drugs or hormones on human prostatic tissue.

On the other hand, culture of prostatic tissue suffers many
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shortcomings and limitations resulting from its highly artificial
nature and despite the abundance of in vitro studies, little know-
ledge of practical value has so far been obtained.

CULTURE OF ANIMAL PROSTATIC TISSUE

Culture of Normal Rodent Prostatic Tissue

In the 1950's, Lasnitzki, Franks, and Bengmark et al (2-4)
were among the first who succeeded in culturing prostatic tissue
from rats and mice. Following this pioneer work, many studies have
defined the influence of the medium, hormones, and vitamins on
growth, maintenance of the morphology and metabolism of prostatic
tissue (3,5-17). Although some discrepancy in the response was
noticed in relation to the origin (ventral or dorsal prostate) or
the age of the donor, general conclusions can be drawn from those
studies: in vitro, animal prostate usually exhibits an androgen
dependence; different metabolites of testosterone may produce
different effect; the serum diminishes the effect of the androgens,
probably due to binding of the hormones by the globulins; prolactin
increases the effect of testosterone; vitamin A is necessary to the
maintenance of the secretory activity of the epithelium; estrogens
have variable effects, sometimes inhibiting the growth of the cells
but sometimes enhancing it; insulin and hydrocortisone have a stimu-
lating effect. Potentially therapeutic agents have also been tested
on organ cultures of rodent prostates with various results (18-20).

Influence of Carcinogens

As early as 1950, Lasnitzki studied the influence of methyl-
cholanthrene on explants of young rat prostates. She noticed that
the carcinogen induced epithelial hyperplasia with squamous meta-
plasia and increased mitotic activity. Estrogens increased the
effect of the carcinogen but cortisone, testosterone and vitamin A
had a protecting influence (21-26). Thereafter, some authors produced
malignant transformation "in vitro" by culturing normal prostatic
tissue of rats with carcinogenic hydrocarbons (27-31); but the
tumors induced were fibrosarcomas or epidermoid epitheliomas without
any hormonal dependence.

Effect of Oncogenic Viruses

Paulson, Fraley and Ecker (32) produced "in vitro" malignant
transformation of normal hamster prostate by introduction of a DNA
oncogenic virus (SV-40) within the culture. Transformed cells
injected into homologous hamsters produced epithelial tumors
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secreting acid phosphatases and metastasizing.

This experience opened new fields in the study of the role of
viruses in the occurrence of prostatic cancers but produced an

imperfect model for human prostatic cancer as the hormonal dependence
was variable and different from that of the human cancer (33).

Spontaneous Transformation "In Vitro"

After many subcultures of epithelial cells from adult C3H rat
prostates, Chen and Heidelberg (34) observed a spontaneous malignant
transformation (cells growing quickly, in multiple layers).

Injected into autologous hosts, these cells, although having an
epithelial appearance, produced fibrosarcomas.

Once more, these experiences, though interesting for the study

of some oncogenic mechanisms, gave models of very limited interest
for the study of human prostatic adenocarcinoma.

Cultures of Natural Animal Adenocarcinomas

In some instances, spontaneous rodent prostatic tumors have been
discovered and transplanted to successive generations of syngenetic
hosts: Dunning's tumors, Noble's tumors and Pollard's tumors. Many
studies have been performed on these animal models (35-37).

In some cases, in vitro sutdies were made with these tumours in

order to identify morphological or biochemical markers of cancerous
transformation (38,39). They were not very conclusive.

Cultures of Prostatic Tissue from Dogs and Primates

More recently, studies "in vitro" used prostatic tissue from
the dog and the Rhesus monkey (40,41). This material was chosen
because of its closer relation to human prostate. Indeed rodent
prostates have anatomical, histological and biochemical differences
from the human prostate and their behaviour "in vitro" shows some
striking differences in such a way that an extrapolation of the
experimental results to the human situation can be misleading. So
far these recent studies have not led to any development of great
significance or practical relevance.

CULTURE OF HUMAN PROSTATIC TISSUE

After the pioneer work of Burrows et al in 1917 (1) R&hl
published his experience of the culture of adenomatous and cancerous
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human prostatic tissue (42). Since then, culture of human prostatic
tissue (normal, adenomatous or carcinomatous) has elicited a sus-
tained interest in many centers, mainly in the United States, in
Scandinavia, in Great Britain and in Germany. A great deal of
information has been collected, often scattered, sometimes contra-
dictory, always optimistic; but the objective analysis of the data
is rather disappointing and inspires a pessimistic view as to their
practical application.

A review of the literature on human prostatic models in vitro
reveals a broad variety of techniques, each center trying to resolve
a specific question and conceiving an artificial system fitted to
its preoccupations.

a) At the beginning of the 1970's, efforts were made to define
the optimal conditions for reproducing short-term cultures of human
adenoma and carcinoma (43-51). The nutritional needs, the influence
of the serum and the role of hormones have been widely investigated
(52-61). The results were often contradictory: the stimulating
effects of androgens and the inhibiting effects of estrogens on the
growth were not the rule and the response of the explants varied
considerably in relation to the age of the donor, the origin of the
tissue (normal, adenomatous or cancerous) and the type of experiment-
ation.

b) Studies in electron microscopy tried to define some morpho-
logical differences between normal, adenomatous and cancerous cells
"in vitro"; these works were not convincing (62), but it was clearly
demonstrated that submicroscopic alteration occurred with the ageing
of the cultures (lysosmal, mitochondrial alterations, and increase
of cytoplasmic microfilaments ...) (63-65).

c) The metabolism of androgens has been widely studied "in
vitro" (66,67). The major role of DHT has been established; but the
results of hormonal influences on the human prostate "in vitro" were
inconsistent and sometimes contradictory.

d) The prostate is constituted of smooth muscle, a vascular
stroma and epithelial acini. The latter are responsible for the
malignant transformation, adenocarcinoma representing more than 95%
of all prostate cancers. Prostatic adenocarcinoma is very hetero-
geneous: stromal areas, normal epithelium, adenomatous foci and
adenocarcinoma are often intimately mixed.

Although preliminary work from Franks et al (45) indicated
that epithelial cells separated from their stroma cannot grow "in
vitro", many authors, considering that epithelial cells alone were
necessary for the study of the cancer, used technical artifices
(mechanical separation, trypsin, collagenase or viokase enzymatic
digestion or gradient sedimentation) to isolate epithelial cells and
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to obtain pure epithelial cell cultures (68,77). As stressed by
Schroeder (74), most of these techniques proved to be ineffective.

e) Because of the heterogeneity of the material, one of the
major problems with culture of human prostatic adenocarcinoma is the
identification of the growing cells: are they stromal cells or epi-
thelial cells and if the latter, are they normal or cancerous cells?
Indeed, if one aims to draw practical conclusions from the behaviour
of human prostate cancer "in vitro", it is fundamental to make sure
that the material studied is actually cancerous. In this respect,
electron microscopy (62), histochemical and immunochemical studies
can distinguish epithelial cells and fibroblasts (78,79), but up to
now, there is no specific marker to distinguish normal epithelial
cells from cancer cells.

Furthermore, some works seem to prove that, paradoxically, when
explants of cancerous prostates are grown "in vitro", the growth
around the explant is due to the proliferation of basal cells from
normal glands while cancer cells degenerate (64,80,81). Chromosome
counts (82) on cells surrounding the explant give uniform diploid
values. Two explantations can be advanced: either these cells
correspond to a well-differentiated carcinoma in which diploidy is
usual; or we have another argument in favor of the benign origin of
cells growing in monolayer around the original explant of prostatic
cancer tissue.

f) An "in vitro" model can give practical information if it
reflects the characteristics of the cancer in vivo. As proved by
the above considerations, the culture of human prostate cancer meets:
ma jor problems in this regard and the uncertainty of the cancerous
nature of the growing cells is surely not one of the least!

g) Recent work from Romijn and Schroeder (83) and Cowan et al
(84) using separated pure epithelial and pure stromal cells origin-
ating from prostatic tissue, showed that 5-«-reductase (transforming
testosterone into DHT) is essentially localized within the stroma
where the transformation of active hormones, necessary to the epi-
thelial cells, occurs. These investigations illustrate the highly
artificial condition of cell cultures which nevertheless have been
widely used to try to determine the hormonal response of prostatic
cancer to various hormonal compounds.

h) As in animals, human prostatic tissue has been submitted "in
vitro" to oncogenic compounds and oncogenic viruses (85-87). Cell-
ular alterations and transformations suggesting cancerous potential-
ities were observed but these cancers were, once more, very different
from human prostatic adenocarcinoma and could not be used for
clinical applications.

i) Permanent cell lines have also been widely studied. Many
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permanent cell lines derived from primary cultures of normal or
cancerous human prostates are available and are often considered
useful models for the investigation of potential therapeutic
agents. The better known are:

Line MA-160 (Fraley and Ecker) (88-90)

Line EB-33 (Schroeder et al) (91-93)

Line HPC-36 (Lubaroff) (94)

Line NP-2 (Webber) (95)

Line DU-145 (Stone et al) (96)

Line PC-3 (Kaighn et al) (97)

Line LNCaP (Horcszewick et al) (98)

Colleagues interested in the origin and the properties of these
lines will find all the details in the original papers of the
authors. Although many authors claim the usefulness of those lines,
we believe that the greatest care is necessary when they are manipu-
lated. Some of these lines are of uncertain origin (line MA-160 and

Fig. 1. Human prostatic adenoma.

Tth day of culture. Area of growth surrounding an explant.
(phase contrast).
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perhaps line EB-33 should not be prostatic cell lines but the result
of a contamination by HeLa cells!); there is no daubt that these
lines have modified their nutritional needs and their enzymatic
system with prolonged culture and that most of them do not have a
clear hormonal dependency. It would be dangerous, in our view, to
extrapolate the therapeutic results obtained with these highly
selected lines to human prostatic cancers, even to those which are
hormone resistant, in vivo.

Fig. 2. Culture of human prostatic adenoma.
23rd day of culture. One notices a diffuse cellular
necrosis in this islet at the periphery of one explant
(phase contrast x 400Q).

Our Experience of the Culture of the Human Prostate

Preliminary studies were performed with human prostatic adenoma
obtained either by suprapubic surgery, or by trans-urethral resection
(TUR). Cultures were performed at 37 C, in a closed atmosphere
(without adding carbon dioxide) and a synthetic buffer (HEPES) was
added to the medium to prevent changes of the pH.
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Fig. 3. Epithelial prostatic cells isolated according to our
mechanical method (phase contrast: G x 200)

In these preliminary studies, we have tried to define the
optimal nutritional needs, the patterns of growth of organ cultures
and the behaviour of isolated epithelial cells.

a) Organ Cultures. The medium was composed of BME (Basal
Eagle's medium) or MEM (Minimum Essential Medium) or Medium 199 (Flow
Laboratories) to which was added glutamine, serum (HS or FCS, at
concentrations of 5 to 20%), and antibiotics (Gentamycin, 50 ug/ml).
We observed a peripheral growth in nearly 40% of the explants, as is
shown in Figure 1.

The growth was usually epithelial and not fibroblastic but the
cell population surrounding the explants was not pure. Growth
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Fig. 4. Cell culture: 5th day. Most cells appear viable
(contrast x 400)

usually started after 48 to 72 hours. It was always slow and we
never observed a confluence of the cell sheets in the Petri dishes.
In most cases, after two to three weeks, toxic signs appeared with
pyknosis of the nuclei, accumulation of cytoplasmic granulations and

death of the cells. We never succeeded in obtaining subcultures
(Fig. 2).

Significant bacterial contamination occurred in many explants
obtained by TUR in spite of aseptic and antiseptic measures.

The type of serum (HS or FCS) and its concentration (5 to 20%)
or the type of medium (BME, MEM or 199) had no very significant
influence on the growth. However insulin (at a concentration of
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0.08 U/ml) and vitamin C (150 g/ml) seemed to have a stimulating
effect on the growth.

b) Cell Cultures. Epithelial cells were obtained by applying
pressure and irrigation between two slides of prostatic tissue
samples. The cell suspension was then centrifuged for ten minutes
at 800 r/min. and the pellet was put in culture (Fig. 3). During

Fig. 5. Prostatic adenoma cell culture fixed and stained after
23 days of culture. Many cells exhibit necrosis with
vacuolization and rupture of the cytoplasm (G x 375)

the first days, the cells seemed viable (Fig. 4), but after eight to
ten days, they showed degenerative alterations and a large percentage
of cells exhibited necrosis after 20 days of culture (Fig. 5).

We never observed significant cell multiplication and the
addition of colcemid (between the 6th and 12th day) to the culture
very rarely showed evidence of blocked metaphase. Therefore, our
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work seems to indicate that it is difficult if not impossible to
grow epithelial cells "in vitro" after mechanical separation from
their stroma.

These conclusions are in accord with those of Franks et al (45)
but in contradiction with other experiments (69-71, 76) in which
epithelial cell cultures were successful. It is probable that our
mechanical method used to separate the epithelial cells, only
releases superficial secreting cells with high exfoliative capacity
from the acini - and these cells have lost the property to divide -
while other methods (such as the enzymatic) may release basal cells
of the acini which can divide actively and are probably responsible
of the growth.

In a second phase, we repeated organ cultures of adenoma and
carcinoma of the prostate, in more classical conditions, using a
gas incubator. In these conditions, nearly 50% of the explants
showed a peripheral growth but, as previously, growth was always
slow and limited and after two or three weeks, most cultures died;
our attempts to produce subcultures were unsuccessful.

Studying the influence of the medium on the growth, we did not
notice significant differences between BME, MEM and medium 199 as
shown in Fig. 6. The influence of antibiotics added to the medium
was also investigated. As shown in Table 1, the best results were
achieved with Gentamycin at the concentration of 50 pg/ml. At this
concentration, no cytotoxicity was noticed although Gentamycin at
200 pg/ml slightly reduced the growth.

It was also clear, in these experiments, that the method of
collecting the tissue played an important role in the capacity for
growth; only 30% of tissue samples provided by TUR against 55% of
the samples obtained by retropubic surgery grew "in vitro".

sor —
sof
s}
ol
20}
1}

BME MEM 199

Fig. 6. Percentage of growing explants from prostate adenomas in
relation to type of medium used.
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Table 1. Influence of Antibiotics Added to the Medium on the Growth
(P. = Penicillin, S. = Streptomycin, G = Gentamycin)
Antibiotic Number Number Percentage Percentage of
of of of growing Growing Explants
Cultures Infections Explants in Non Infected
Medium
None 24 12 19% 38%
P. 10 U/ml 24 10 23% 40%
S. 10 pg/ml
P. 100 U/ml 24 6 29% 39%
S. 100 wug/ml
G. 50 ug/ml 2k 5 33% 42%
G. 200 mg/ml 24 5 24% 30%
%
01
60
50F
40r
or
20F
[[o] o

Fig. 7.

CONTROL T.0.5ug/ml T.5ug/ml T.10pg/ml

Percentage of explants with peripheral growth in our
experimental conditions in relation to concentration of
testosterone in the medium.

(Blank columns = adenomas. Hatched columns = carcinomas)
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The influence of testosterone added to the medium was

investigated. At concentrations of 0.5, 5 and 10ug/ml, testosterone
had an inhibiting effect on the growth of the adenomas while it did
not influence the carcinoma (Fig. 7). However the relevance of the
hormonal influence assessed by counting the number of growing
explants as we did, is subject to criticism on two points: firstly
the hormonal concentrations were 50 to 1000 times higher than
physiological levels; secondly we did not take into account the
percentage of initially nongrowing explants, due to the quality aof
the tissue.

In a second experiment, we used testosterone at lower concen-
trations (0.01, 0.1 and 0.5 ug/ml) and we measured the area of
growth surrounding explants of adenoma and carcinoma, at the
seventh day of culture, on fixed material. We observed no effect,
either stimulating, or inhibiting as compared with controls.

Two explanations can be suggested:

1. In vitro, human prostatic tissue loses its hormonal dependency,
which seems unlikely in short term organ culture.

2. The determination of the androgen dependency was not correctly
appreciated, i.e. the medium without addition of hormones can
indeed possess enough testosterone to allow a normal metabolic
activity of the cells.

To verify this latter hypothesis, we measured the level of
testosterone, dihydrotestosterone (DHT) and androstenedione (A4)
in the culture medium before and after two, six and nine days of
culture in two different conditions: in a control medium (no
testosterone) and in a medium with added testosterone (0.1 ug/ml).
The results are given in Table 2.

Therefore it appears that the explants contain hormonal reserves
and that a medium not supplemented with hormones is rich enough,
during the first few days, to allow a normal metabolism of the
prostatic tissue, and that addition of testosterone to the medium is
not a valuable method for the study of hormonal influence on the
growth in short term organ culture.

DETERMINATION OF THE INDIVIDUAL RESPONSE OF PROSTATIC CARCINOMA TO
THERAPEUTIC AGENTS BY IN VITRO ASSAYS

Whilst randomized clinical trials are fundamental to determine
the overall value of different compounds, one knows that individual
response is sometimes very different from one patient to another.
The purpose of our "in vitro" experiments with human prostatic
carcinoma was to investigate some of these variations.
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Table 2. Levels of Testosterone, DHT, and 4 in Horse Serum and
Control Medium With and Without Added Testosterone
(Results in Picogram/ml).

Medium Testosterone ADHT Al
Horse serum 100 < 4o 60
Control medium before culture < 40 < 30 < 30
after 2 days culture 4,100 360 <50

6 days culture 5.200 720 65

9 days culture 2.200 320 <50

Control + Testosterone, 0.1 ng/ml

after 2 days culture 57.000 4,250 620
6 days culture 86.000 4. 415 560
9 days culture 77.000 5.390 720

This shows clearly that:
- Horse serum and control were very poor in T. and DHT.
- After incubation of the explants, the control medium
becomes very rich in T. and DHT.

Table 3. Response of Tissue Cultures From Patients with Prostatic
Cancer Refractory to Stilboestrol to the Addition of
Hormonal Agents.

Drug Added to the Number of Number of Percentage

Medium Explants Growing Growing
Evaluated Explants

Control 48 21 439

Estracyt (100 mg/ml) 52 24 46%

DES (1 mg/ml) 61 14 23%

MPA (10 ug/ml) 55 20 36%

RO-6-1963 (10 mg/ml) 43 17 39%
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Whilst undertaking these "in vitro" studies, we became aware of
the severe practical limitations of the technique:

1. The collection of prostate cancer tissue suitable for culture
raises problems: in cases suitable for hormonal treatment or
chemotherapy, the only way to obtain tissue samples for culture
is by needle biopsy or TUR which provide great risks of
infected or non viable tissue.

2. Independently of any therapeutic effect, nearly 60% of the
explants do not grow in vitro and it is difficult to draw the
distinction between the inhibiting effect of the drug and the
initial alteration of the tissue.

3. In vitro, systemic influences are suppressed: the hypothalamic
control, so important in the hormonal effect is no longer
present, and the influence of serum binding globulins and the
possible potentiation of the effect by substances like insulin,
corticosteroids, growth hormone, and prolactin are also absent.

4. Last but not least, prostate cancer is very heterogeneous and
one does not know whether the cells growing are true cancer
cells or normal basal cells present in the explant. The lack
of specific markers for prostatic cancer cells is another
important shortcoming.

In spite of these limitations, but aware of them, we tried to
evaluate "in vitro" the therapeutic value of different compounds on
explants of individual prostatic carcinomas. The following drugs were
tested: Estracyt, Stilbestrol (DES), Medroxyprogesterone acetate
(MPA), and RO-6-1963 (an inhibitor of 5-«-reductase).

Unfortunately, the detailed results of the experiments performed
on nearly 600 explants from 10 prostatic carcinomas did not allow us
to draw any practical conclusions. Perhaps it is reasonable to give
one example:-

M.L., 71 years old was treated for prostatic cancer with DES
(5 mg/day) for two years. The patient deteriorated despite treatment
and bone metastases appeared together with a right hydronephrosis.

A TUR was performed and tissue was put in culture to evaluate
the response to the previously mentioned drugs. The results appear
in Table 3.

The inhibition of growth was the greatest with DES "in vitro",
but in vivo the disease still progressed aggressively. In vitro, the
least response was observed with Estracyt, but with Estracyt, the
patient showed an excellent objective response for 18 months.
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CONCLUSION

We do not believe that "in vitro" models can, at the present
time, provide us with information of practical value in the clinical
management of prostatic cancer. We do not claim that culture of
normal or cancerous tissue is useless; indeed, it has contributed to
the elucidation of some important problems in normal and cancer cell
biology. However we caution against the premature extrapolations of
experimentors who, using specific systems in specific situations,
believe that they can draw direct clinical conclusions, ignoring
the fundamental practical problems.

Thus, our conclusions are the same as those of Schroeder and
Oishi who stated, in a recent review of the problem (74), that "On
the whole, attempts to use tissue culture techniques in research
related to prostatic cancer have been disappointing. They have
contributed minimally to the understanding of this tumor and to its
better management.
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M. Tannenbaum and S. Tannenbaum

Columbia-Presbyterian Medical Center
New York
U.S.A.

INTRODUCTION

In the past, the modality of treatment, whether it be surgical,
hormonal or chemotherapeutic, depended on the histological type and
organ system from which the tumor cells were derived. Unfortunately,
at the present time, we have no clear-cut definitive explanations as
to why some prostatic carcinomas, in many institutions, are not
usually defined as to histological type, extent or grade. Also,
why some tumors act in a more benign clinical fashion in one patient
and in a more malignant manner in another. Many of these prostatic
carcinomatous patterns should be diagnosed as to their type and also
their extent both in terms of volume and percentage of the involved
prostate gland. Perhaps, some time in the near future, the various
histological types and grades as well as their extent will also be
correlated with the regions of the world in which the patient dwells
and with other epidemiological factors. Without these multispectral
analyses, the pathobiology of prostate carcinoma will remain an
enigma as it has for the last 40 years.

HISTOPATHOLOGICAL PROCESSING OF TISSUE WITH INCIDENCE
OF CARCINOMA OF THE PROSTATE IN SURGICAL SPECIMENS

The histopathology of prostate carcinoma is extremely frustrat-
ing as compared to that of many other organ systems, such as the
cervix, endometrium, and breast. Equally frustrating in many
institutions is the manner in which the prostatic tissue has been
processed whether from a whole surgical specimen obtained by supra-
pubic prostatectomy or by means of a transurethral resection (TUR).

There is a high incidence of cancer, from 16 to 30% depending
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on the age group. It is the dictum of our institution [Columbia-
Presbyterian Medical Center (CPMC)] that one section be taken for
every 5 gms. of prostatic tissue obtained from either a suprapubic
or retropubic prostatectomy specimen. In the case of a TUR of the
prostate, every gram of prostatic tissue must be put through for
processing. When this is done, the incidence of carcinoma of the
prostate at CPMC varies between 23 and 28% depending on the surgical
procedure. The question then arises: what does the urologist do
next? It is easily demonstrated that there is tremendous variation
in histological pattern and involvement of the different forms of
prostatic carcinoma. In many institutions at the present time the
exact histological type of prostate carcinoma and/or the extent to
which it is present within the prostatic tissue unfortunately is not
determined. The urologist needs to know the extent of the carci-
noma as well as the morphological type. These factors can be ex-
pressed in different grading systems (1-3). Many pathologists have
demonstrated that the degree of cellular grading may also indicate
to the urologist that he or she is dealing with a more biologically
active form of prostate carcinoma.

DIAGNOSTIC CRITERIA FOR HISTOPATHOLOGICAL EVALUATION
OF PROSTATIC TISSUE FOR CANCER

Most pathologists and urologists who examine histological
sections see many different patterns of carcinoma of the prostate.
These patterns, if unfamiliar, are often dismissed as being non-
carcinomatous. This is not only disastrous to the patient, but
also allows many false therapeutic interpretations to be perpetuated.
Many pathologists and urologists are now aware of the time-proven

pattern recognitions of prostate carcinoma (1,4). At the time of
surgery or autopsy, these patterns are seen in the histological
sections of the prostate gland. In many instances it may be

extremely difficult to define the grade or neoplastic potential of
the prostate tissue because of the large numbers of patterns dis-
played even within one microscopic field in a TUR specimen. Also,
the diagnosis is further complicated if the TUR material is severely
traumatized, i.e., either crushed or cauterized. The patterns seen
may include carcinoma-in-situ of the small or large glandular type,
Indian file and a cribriform pattern. Recently three other forms
of prostatic carcinoma have been clinically recognized, the peri-
urethral ductal transitional cell tumors, endometrioid tumors and
carcinoid tumors of the prostate gland (5-7). They are now being
defined by their biological activity and by immunological determina-
tions for acid phosphatase.

Numerous atlases and texts present in detail the various pat-
terns and histological types seen within most carcinomas of the
prostate (1,4). For the urologist or prostatic specialist evalu-
ating a biopsy or tissue section taken from a surgically removed
prostate, the following histological structural changes are indica-
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tive of prostatic malignancy: (a) prostatic acini are back-to-back,
(b) the cells lining the acini are often in a single layer. The
basal layer is usually not present, and if present, there is a great
tendency on the part of many pathologists to consider these glands

as non-neoplastic, (c) large prominent eosinophilic nucleoli are
usually present in carcinomatous cells. To observe these nucleoli
the tissue sections must be quickly and properly fixed either in
formalin or in Bouin's solution, (d) prostatic acini are seen in a
linear infiltrate entering the surrounding fibromuscular tissue.

This streaming pattern resembles rowboats racing up and down a river,
(e) nuclear hyperchromatism may or may not be seen depending on the
quality of tissue fixation. For this reason, we do not believe that
nuclear hyperchromatism can be evaluated from laboratory to laboratory
unless there is uniform fixation. Cautery artifact is often seen in
the TUR specimen and quite often may lead to misdiagnosis when hyper-
chromatism is entertained as a diagnostic feature, (f) perineural
invasion may or may not be discernible. When detected, especially
in a frozen section, it is usually indicative of the malignant
potential of a well-differentiated prostatic glandular pattern.

All of these patterns may vary from one microscopic field to another.
The tumor may also be seen as a solid mass resembling a granuloma.
Fortunately, the Indian file and the signet ring patterns are usually
not the predominant cell pattern (4). These two patterns of pros-
tatic carcinoma are easily obscured by too much electrical cutting
current within the resectoscope and are obliterated by cautery arti-

fact. Extreme caution must also be used because some of the fea~
tures mentioned above may be present and still the diagnosis may be
that of benign disease (4). On the other hand, in many instances,

not all the criteria need to be present for the diagnosis of
malignancy.

Microacini are often present in the posterior lobe of the
prostate and yet the gland is benign. These microacini are also
frequently associated with prostatitis. When carefully examined,
many of these microacini are not back-to-back and under the high-power
objective in the microscope, they are usually seen to be lined by a
double layer of cells (4).

In many instances, where there is adequate tissue sampling as
described previously, the periacinar ducts of the prostate as well
as the periurethral ducts may be filled with bizarre cells that are
very active mitotically and yet, in many institutions, when they are
seen in a TUR specimen, they are signed out as carcinomas of the
prostate. This lesion which is of a transitional cell nature in
many cases is often misdiagnosed and treated as a regular carcinoma
of the prostate. The periurethral ducts as well as the glands
around an area of infarction may show extensive squamous cell
metaplasia and nuclei with prominent nucleoli. When care is not
taken, this is often misdiagnosed as a malignancy (4). Many times
diethylstilbestrol may induce squamous metaplasia as well as obscure
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the carcinomatous cells in the fibromuscular tissue sections (4).
Thus great care must be taken as a consortium of many factors influ-
ence the diagnosis of carcinoma of the prostate.

A group of bizarre cells with pleomorphic nuclei will most
likely be seminal vesicular epithelium. The pathologist should
look for the brownish refractile cytoplasmic pigment that is
characteristic of seminal vesicular epithelial cells (4).

The mechanical distortion or compression of nuclei that makes
them appear hyperchromatic, is the one consistent problem that most
pathologists see in evaluating prostatic cancer in needle biopsies,
especially in those patients who have elevations of acid phosphatase
(4). This effect will usually confuse the diagnosis in either
direction, i.e., malignancy or benignity. If there is a question
as to diagnosis, the surgical pathologist should request additional
tissue levels from the biopsy or ask for another biopsy.

PROSTATIC CARCINOMA-IN-SITU

The term "carcinoma-in-situ" denotes an incidental carcinoma with
an intraacinar neoplasm. We tend to favor this term of carcinoma-
in-situ although others do not (1). Usually there is no apparent
light microscopic invasion of the surrounding fibromuscular tissue.
However, when these microscopic foci of carcinoma-in-situ are seen,
the surgical pathologist should do extensive sectioning of the
remaining tissue that might be left over from the suprapubic or
retropubic prostatectomy. When serial sections are taken, the
incidence of prostate carcinoma increases from 14 to 34%. Therefore,
it is important that all of the prostatic tissue be embedded, cut
properly and each section examined. If this examination is care-
fully executed then at least 2U4% of the tissue so examined will re-
veal different patterns of carcinoma. In many instances, there is
only carcinoma-in-situ and no other form of prostate cancer. In
these cases, the surgical pathologist should indicate in the diag-
nosis that there is a carcinoma-in-situ present only in one chip
out of whatever number of chips were placed on the microscope slide.

TRANSITIONAL CELL CARCINOMA OF THE PROSTATE GLAND

Until very recently, periurethral ductal or transitional cell
carcinomas of the prostate were seldom recognized or categorized as
a special classification in the pathology section of the Urology
boards. However, this classification is justified since these
types of prostatic carcinomas are much more biologically active
than the regular acinar forms. The initial reports in the liter-
ature stated that out of 200 consecutive carcinomas of the prostate,
seven arose in the periurethral prostatic duct (6). The percentage
at our institution is almost double because of our awareness of the
lesion and the numerous histological levels that are taken. In
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the original report, these lesions were not associated with chemical
elevations of serum acid phosphatase (4). Although the data were
scant at that time, these lesions did not appear to have an innocuous
course. Ende et al (6) noted that the lesions paradoxically
extended into the retroperitoneal lymph nodes with subsequent
obstructive uropathy and ensuing uremia. In numerous cases, they
did not find any associated urothelial neoplasm elsewhere in the
urinary tract.

ENDOMETRIAL TUMORS OF THE PROSTATE GLAND

Endometrial neoplasms of the prostate arise not only in the
verumontanum of the prostate but also in the periurethral prostatic
ducts. Periurethral lesions may also be of an adenocarcinomatous
variety and as such may be papillary in form and spread intraductally
as some carcinomas of the breast do. This is another variety which
is the subject of much controversy (1, 4, 7). In many instances, it
can arise from the prostatic utricle which is the colliculus seminalis
and is derived from the mlillerian duct. These tumors and those that
originate in the periurethral prostatic ducts may demonstrate a
pattern that is very similar histologically to the endometrium of the

uterus. When they arise from the miillerian duct, the histology is
like that of the endometrium and is indicative of a non-metastasing
neoplasm. In the majority of these types of tumors, there is an

associated carcinoma of the prostate which is contiguous but not
continuous with the endometrial tumors. There was no metastasizing
potential with the exception of two out of 100 cases of endometrial
tumors seen at this institution. When they do arise in the peri-
urethral prostatic ducts and not in the prostatic utricle, they may
have an endometrioid pattern in conjunction with a regular trans-
itional carcinomatous pattern. In these malignant lesions, there
is usually a wide variation in patterns in the papillary portions of
the periurethral prostatic ducts which may be clinically exophytic
into the prostatic urethra. In such cases, these lesions may also
demonstrate, in some focal areas, a regular adenocarcinomatous
pattern of the cribriform or transitional cell type as well as an
endometrioid pattern. In these lesions, it is not uncommon to

find an associated elevation of serum acid phosphatase as determined
by immunological methods.

MIXED ADENOCARCINOMA-CARCINOID TUMORS (THE
ENDOCRINE COMPONENT OF PROSTATIC CARCINOMAS)

In normal and hyperplastic prostatic epithelium, the occurrences
of argyrophil and argentaffin cells have been long recognized.
Recently Capella et al.have published an extensive report dealing
both with the ultrastructure and histochemical identification of
these endocrine cells in prostatic carcinomas (5). They have
identified two different types of endocrine paracrine cells in
normal and hyperplastic prostate cells. The type 1 cells resemble
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enterochromaffin cells (EC) and the type 2 cells are similar to
urethral endocrine-paracrine cells previously reported by Casanova et
al (8). Capella et al (5) noted that about one third of the 40
prostatic carcinomas contained EP cells and four tumors showed a very
extensive number of these cells. Two of the tumors were composite
tumors exhibiting both adenocarcinomatous and carcinoid patterns.

The tumors were studied ultrastructurally and histochemically and the
presence of ACTH and beta-endorphin immunoreactive cells ultrastruct-
urally resembling pituitary corticotrophic cells were noted.

SUMMARY

With the advent of immunohistochemical light histology and ultra-
structural techniques applied to the prostate, the future may reveal
that there are certain tumors that are immunoreactive for certain
chemical constituents like acid phosphatase and other substances such
as beta-ACTH. At the present time, there have been no histological
pattern and grade correlations with these immunological histochemical
and ultrastructural findings. If these correlations are forthcoming
along with a better understanding of tumor biology, then the future
seems very promising.
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As early as 1930 Ferguson described a method of needle puncture
and aspiration of the prostate for diagnostic purposes (1). From
his work mainly originated the so-called thick needle biopsy for
which several instruments were designed. The best known are the
Vim-Silverman needle, the Veenema needle and that most commonly used
now, the Tru-cut needle. All give punch-biopsies which can be used
for histological examination as well as for histochemical reactions
(acid phosphatase, peroxidase, etc.). For several decades this was
the recognized method for pathological diagnosis of prostatic
carcinoma, the diagnosis being based mainly on the structure and
architecture of the malignant epithelial cells in relation to the
stroma and on some cytologic criteria.

However there were a number of disadvantages. The puncture,
whether transperineal or transrectal, is usually painful and cannot
be done without some kind of anaesthesia. Local anaesthesia is
sufficient in most cases but there are urologists who demand general
anaesthesia, which in turn carries a certain risk factor. Also one
needle puncture could accidentally miss the cancer nodule and as
pathologists sometimes have great difficulty in making a diagnosis on
a small piece of tissue, they often require more than one puncture
biopsy, preferably from different sites which of course makes it
more disagreeable for the patient. Finally the procedure is not
convenient for follow up histological observations of a certain
treatment.

It is not surprising therefore, that aspiration biopsy cytology
as it was first presented by Franzén et al in 1960 (2) has attracted
more and more attention in the last 10 years. The method is simple
and can be done on a routine out-patient basis. The instrument was
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designed by Franzen. It consists of a syringe with a special holder
to apply a vacuum with one hand whilst a thin needle, in which the
cells are aspirated is guided by a needle guide that fits the index
finger of the other hand, transrectally, to the cancer nodule in the
prostate. The needle can be directed very accurately to the right
place, i.e. to the nodule and to any other part of the prostate from
which it is felt necessary to get material from different sites of a
nodule or of the prostate. The patient feels no more than a little
unpleasantness and anesthesia is not required.

By applying a vacuum and making back and forth movements, the
epithelial cells and some prostatic fluid with erthrocytes are drawn
into the needle. Stromal cells are never aspirated. Care must be
taken to equalize the pressure before withdrawing the needle to
prevent the aspiration of rectal contents and epithelium. It is wise
to use a sterilized instrument to prevent the introduction of hos-
pital bacteria into the patient. By a careful technique and by
avoiding the use of the Franzén needle for diagnosing prostatitis
the risk of infection for the patient is extremely small as is the
risk of transplanting cancer cells. Infections and transplant
metastases have been reported in thick needle biopsies, but in large
series of aspiration cytology they are virtually absent (3).

The cellular material is expressed from the needle onto glass
slides and smears are made of it. They can be fixed by air-drying
and then stained using the M.G. Giemsa technique which is used uni-
versally and gives satisfactory results. However some cytologists
prefer the Papanicolaou-stain.

The cytologic patterns of normal, hyperplastic and carcinomatous
epithelium are described in detail by Esposti (4) and Staehler (5).
They stated that grading according to cytological criteria is more
accurate than can be done on tissue-sections. The main criteria for
malignancy are:

1. decreasing cellular adhesiveness.
2. decreasing cytoplasmic/nuclear ratio.
3. nuclear atypia and prominent nucleoli.

As we will hear more about grading in other lectures of this
course the subject will not be pursued here. However the question
remains whether cytology and histology are adequate for diagnosis.
To that end in Leiden in 1979 the results of histology and cytology
of 2G4 patients were reviewed and compared. They are given in
Table 1. Our conclusion from this study was that on a routine basis
histology and cytology are nearly aequal, but from the academic
standpoint the two are complementary.

At the time of initial diagnosis both methods are desirable to
get a complete picture and give a reliable grading and staging
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Table 1. Comparison of Diagnoses by Histology (Needle Biopsy)
and by Cytology (Thin Needle Aspirates) of 294 Patients,
Suspected of Prostate Cancer

Histology
Cytology negative positive dysplasia not enough number of
material patients

Negative 125 3 - - 128
Positive 6 140 8 - 154
Not enough

material - - - 12 12
Total 131 143 8 12 294

In 10% of cases disagreement
4% by not enough or no proper material
3% by dysplasia

3% by false-negative, c.q. false positive

(6,7,8). However for follow-up purposes we should resort to and
confine ourselves to cytology, as it has the advantage of being
tolerated well by the patient and of indicating whether a tumour is
responding to a given treatment or not.

Finally the cellular material, obtained by aspiration, can be
used for different kinds of sophisticated research, such as cyto-
morphometry and karyometry, flow-cytometry and cell-sorting. 1In
these methods cells are stained with one or more fluorescent stains,
which can then be measured by fluorescence microscopy. Also other
methods of cytochemistry can be applied of which the method of using
fluorescent steroids (fluoresceine-steroid conjugates) to locate
steroid receptors is very interesting. Last but not least cell-
kinetic techniques can be employed. Some of these methods will be
considered further in this course.

In conclusion, it is my opinion that cytology of the prostate
will become more and more important, because of the:

1. Simplicity of the procedure, which is well tolerated by the
patient.
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2. Diagnostic reliability and possibility of accurate grading of
prostatic cancer.

3. Usefulness for follow-up evaluation of different forms of therapy,
and

4., Possibilities for more sophisticated research.
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INTRODUCTION

Mitosis, the predominant step of cell multiplication, occurs
when a cell has doubled its metabolic and genetic contents.

Among the synthesis mechanisms preceding mitosis, the synthesis
of DNA, a major component of the chromosomes, plays an important
role.

Normal human tissue, not actively dividing, consists pre-
dominantly of cells in the pre-synthesis phase or '"resting'"-phase
(G1) with diploid chromosomes (2 ¢ = 46) and a corresponding con-
tent of DNA (about seven picograms in human cells). During the
phase of synthesis (S), the DNA content increases up to a tetraploid
value corresponding to a double set of chromosomes (l4c). When the
cell has reached this tetraploid value, it does not divide immediate-
ly: there is a post-synthesis phase (G2) during which other protein
formation occurs.

During mitosis (M), the DNA content is equally distributed

between both daughter cells and returns to diploid values, and the
cell-cycle continues (1,2).

Fig. 1. shows that, in normal tissues, most of the cells are
in G1 and have a diploid content of DNA. Few cells are in S-phase
or G2 with an intermediate or a tetraploid value of DNA.

In actively growing cancer tissues the percentage of cells in
the S- and G2-phase is increased and, due to pathologic division of
the nuclei, heteroploid or aneuploid cells can be encountered.
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Fig. 1. Schematic representation of the modifications in DNA
content during the cell cycle.

Therefore, the number of cells with intermediate DNA content (between
2 ¢ and 4 ¢) increases (aneuploid cells or cells in S-phase) and

the number of cells with tetraploid DNA content also increases (basal
tetraploid cells or diploid cells in phase G2) and hexa- or octoploid
cells (e.g. tetraploid cells in phase G2) or even hexadecaploid

cells can be encountered (3-7).

Generally speaking, the lesser differentiated the cancer the
more aggressive it is; the percentage of non diploid cells is in-
creased accordingly. Therefore, the measurement of DNA is of value
in the evaluation of the initial aggressiveness of a tumor and in
the study of its response to treatment.

MATERIAL AND METHODS

Material provided by trans-rectal fine-needle aspiration of the
prostate was divided into two slides to allow a comparison. One of
the slides was air-dried and stained with May-Gruenwald-Giemsa,
while the other was fixed in an equal volume of acetone and absolute
ethanol at 4°C for 24 hours. Thereafter, the slide was plunged into
absolute alcohol at 4°C for 24 hours minimum; after drying, it was
stored in darkness until staining with Feulgen reaction (8,9). The
measurement of DNA in the individual cells of the smear was per-
formed on a Vickers M86 Scanning Microdensitometer. Completely

automated, this apparatus determines the DNA content of the examined
nucleus in five seconds.
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The value is expressed in abitrary units, but the presence of
segmented white blood cells, which are always diploid, in the
smear allows an easy conversion of these arbitrary units. At the
same time, the densitometer provides a measure of the area of the
nucleus. DNA histograms were performed in each case, on a minimum
of 100 nuclei.

RESULTS
We have analyzed:

1. The DNA histograms in adenomas, prostatitis and adenocarcinomas
of the prostate.

2. The relation, in prostate adenocarcinomas, between the cyto-
logical grade and the corresponding histogram.

3. The changes occurring in the histograms following the treatment.

4. The practical significance of DNA cytophotometry for the
diagnosis, grading, and prognosis of prostatic cancer.

DNA Histograms in Adenomas, Prostatitis and Untreated Carcinomas

Adenomas. Sixteen cases of benign prostatic hypertrophy were
examined. The histograms always show an obvious peak corresponding
to the diploid value of DNA. Less than 5% of the nuclei have aneu-
ploid values deviating more than 20% from the diploid value (Figs.
2 and 3).

This finding means that in prostatic adenoma, very few cells
are dividing and that the disease is more likely a dysplasic pheno-
menon than a true benign tumor in which an increase of the tumor
mass should be correlated with an increased mitotic activity.

Prostatitis. Chronic prostatitis was investigated in 10 patients.
In some cases, the histograms are the same as in the adenomas, ex-
hibiting a great majority of cells with diploid values of DNA (Fig.4).
In others however, the DNA content spreads beyond the diploid value
with a few nuclei exhibiting tetraploid values (Fig. 5). This
appearance is identical to that observed in well-differentiated
carcinoma and results from an increased mitotic activity in an
attempt to restore the epithelium destroyed by the microbial
infection. In this situation, the DNA histogram cannot provide a
differential diagnosis between well differentiated carcinoma and
prostatitis but it can help when the histogram returns to normal
after a few weeks of treatment with antibiotics (Fig. 6).

The following case illustrates the situation:
M.B. is 76 years old. Rectal examination reveals a limited

induration of the prostate. Cytology is performed and cannot
exclude a well differentiated cancer although the presence of
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numerous segmented neutrophils and lymphocytes suggests a
prostatitis.

The DNA histogram shows many aneuploid nuclei close to the
tetraploid value (Fig. 5) but after six weeks of treatment with

tetracyclines, a further DNA histogram shows uniformly diploid values
(Fig. 6) and virtually excludes a diagnosis of carcinoma.
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Fig. 2. DNA content in a smear of epithelial cells from prostatic

adenoma, obtained by transrectal aspiration, 102 nuclei

were successively studied by absorption cytophotometry

after Feulgen reaction.

Abscissa, the value in DNA expressed in arbitrary units (u.a.).

Ordinate, the percentage of nuclei.

The full line above the histogram indicates the mean diploid

value calculated (2 ¢ = 2 DNA). The broken line indicates

the mean tetraploid value (4 c) obtained by multiplication

of the diploid value by two.
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Fig. 3. DNA content in a smear of epithelial cells from a prostatic
adenoma ( n = 100) For details, cf legend Fig. 2)
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Fig. 4. DNA content in a smear of epithelial cells in a case of
chronic prostatitis (n = 102) For details, cf legend Fig.2).
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Fig. 5. DNA content in a smear of prostatic aspiration in a
patient with an untreated chronic prostatitis (n = 104)
For details, cf legend Fig. 2).
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Fig. 6. DNA content in the smear of prostatic aspiration in the
same patient (cf Fig. 5) after antibiotic therapy (n = 102)
For details, cf legend Fig. 2.
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Carcinomas. Untreated carcinomas were investigated in 32 patients.
The DNA histogram allows a classification into three categories:

Category 1 - cancers in which at least 80% of the cells display
diploid values of DNA (Fig. 7).
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Fig. 7. DNA-histogram in a smear of prostatic aspiration
performed in a patient with a well differentiated
prostatic cancer (grade 1), stage T2 NX MO (n = 11).
For details, cf legend Fig. 2.

Category 2 - cancers in which less than 80% but more than 50% of the
nuclei display diploid values of DNA (Fig. 8).

Category 3 - cancers in which less than 50% of the nuclei show
diploid values of DNA. Many cells are aneuploid or tetraploid (Fig. 9).
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Fig. 8. DNA-histogram in cells of a prostatic aspiration performed
in a patient with moderately differentiated prostatic cancer
(grade 2), stage T3NXMO (n = 110).
For details, cf legend Fig. 2.
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Fig. 9. DNA-histogram in a smear of prostatic aspiration performed

in a patient with a poorly differentiated prostatic cancer
(grade 3) T3NXM1 (n = 184).
For details, cf legend Fig. 2.
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Relation Between the Cytological Grade and the DNA Histogram

In the 32 cases of untreated carcinomas we have compared the
cytological grade and the histogram category, the aspirate having
been distributed on two slides, one for cytological examination and
one for DNA cytophotometry. The results are expressed in Table 1.

In 21 of the 32 cases (66%), the cytological grade and the
histogram category are in agreement. Also none of the grade 1 cancer
enters the category 3 of ploidy and none of the poorly different-
iated cancers enters the category 1 of ploidy. It appears there-
fore that cytology is a good parameter for the study of tumor
aggression.

One must particularly notice that among cytological grade 2
cancers, the DNA histograms allow stratification which distinguishes
actively, moderately and poorly dividing cancers. Zetterberg and
Esposti (10) have already shown an excellent correlation between
ploidy, therapeutic response and survival.

When studying the prognosis of prostatic cancer in correlation
with the histological or the cytological grade (11), correlation is
excellent for poorly or well differentiated carcinomas but is less
evident for the moderatelv differentiated tumors. The use of
cytophotometric dosage of DNA, which distinguishes, in this group,
cancers with different evolutive patterns, adds an important
prognostic refinement.

Table 1: Relationship between cytological grade and DNA-
histogram on 32 patients with untreated prostatic cancer

Cytological

grade Well diffd. Moderately diffd. Poorly diffd. Total
G1 G2 G3

DNA

histogram

Category 1 5 7 - 12

Category 2 1 13 1 15

Category 3 - 2 3 5

Total 6 22 4 32



86 C. R. BOUFFIOUX

Changes Occurring in DNA Histograms during Treatment

In 24 patients with a prostatic carcinoma we have carried out
cytophotometric studies during treatment. In 12 other patients we
have obtained DNA histograms before and during treatment.

In 19 of the 24 patients examined during treatment, DNA histo-
grams displayed normal patterns, all the nuclei showing DNA values
ranging around the diploid value. In all these patients, the
clinical response to treatment was very good.

In five of the 24 patients, histograms showed marked aneuploidy
and polyploidy. In three of them, clinical signs of progression
were obvious. In two, the clinical response seemed to be good at
the time of examination but one progressed three months later.

In the 12 patients in whom we performed DNA-histograms at the
time of diagnosis and during the treatment, an objective clinical
response was observed in eight. Comparison of DNA-histograms before
and during treatment shows a striking reduction of poly- and aneu-
ploidy during therapy (Figs. 10 and 11).
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Fig. 10. DNA-histogram is a smear of prostatic aspiration performed
in a patient with a moderately differentiated prostatic
cancer (G2), stage T2N+MO, before treatment (n = 118).
For details, cf legend of Fig. 2.
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Fig. 11. DNA-histogram in the same patient (n = 108), six months
after orchiectomy. One notices a normalisation of the
histogram; the clinical response is excellent.

In three patients, the DNA-histogram showed a partial reduction
of aneuploidy and polyploidy . Although the immediate clinical
evolution was good in two patients, progression occurred within
six months. 1In the third patient in this group, who did not exhibit
response to the estrogenic treatment, the DNA histogram remained
unchanged, revealing an important percentage of non diploid cells.

DISCUSSION

There have been a few reports of measurement of DNA in prostatic
cancer (10,12,13,14,15). Our results are in agreement with them and
indicate that the use of absorption cytophotometry for the measure-
ment of DNA in prostatic cancer cells yields information which is of
value in the classification and the prognosis of the disease.

Modifications of the DNA-histograms during treatment constitute,
in our experience, one of the earliest and the most reliable signs
of objective response to the treatment: a normalization of the
histogram is always a sign of a good therapeutic response while the
persistence or the reappearance of abnormalities in the DNA histo-
gram is proof of an incomplete response or a premonitory sign of
impending progression which invites a change of the treatment.

Kjaer et al (16) and Leistenschneider and Nagel (17) draw the same
conclusions but consider that the return of the histogram to the
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normal pattern is observed, in cases of favorable response, only
after three to six months of treatment. In our experience, this
evolution is quicker and significant changes in the histograms are
observed after four to six weeks of treatment.

In recent years several authors have also advocated pulse
cytophotometry (14,16,18,19,20) which is a form of emission cyto-
photometry in which the cells, treated with a fluorochromic com-
pound, fluoresce when stimulated by ultra violet light. These
cells are aspirated in a flux which is analyzed through the lens
of a photometric microscope. The results are directly expressed
by computer on a histogram. The advantage of this completely
automated technique is its rapidity; thousands of nuclei can be
analyzed in a few minutes. However the method also has the dis-
advantage in that all nuclei (cancer cells, normal cells, white
blood cells ...) are analyzed without any distinction, aggregates
or fragments of cells can alter the results, and lastly, this
technique gives no information on the morphological aspect of the
cells. On the other hand, our technique of absorption-cytophotometry
on single cells after Feulgen staining gives important morphological
information.

CONCLUSION

The measurement of DNA by microdensitometry is a technique
providing important information for the diagnosis, classification
and prognosis of prostatic cancer. It is a relatively simple and
quick technique, which is easily performed in centers equipped
with scanning microdensitometers. It has the advantage over
pulse cytophotometry of providing morphological information.
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ASPTRATION BIOPSY CYTOLOGY IN THE MANAGEMENT OF PROSTATIC CARCINOMA

AND IN MONITORING RESPONSE TO TREATMENT

P.L. Esposti, S. Franzén, L. Andersson

Karolinska sjukhuset
Stockholm,
Sweden

INTRODUCTION

Transrectal fine needle aspiration biopsy of the prostate (1) is
a fast, safe and accurate method of identifying malignant disease and
also of assessing the grade of malignancy (2). At the Karolinska
sjukhuset an annual average of 800 aspiration biopsies of the pros-
tate have been performed for the last twenty years. The fine needle
of the Franzén instrument gives minimal trauma and the procedure can
be performed repeatedly without causing undue discomfort to the
patient. This allows the response to therapy to be monitored by
repeated biopsies.

In patients not given active treatment for various reasons, but
checked regularly, biopsies have given identical findings over a long
period of time in the majority of the cases, indicating that the
method is reproducible. In some cases, however, there was an in-
crease of malignancy grade with time; a well-differentiated carcinoma
becoming more polymorphous and less well differentiated (Fig. 1).

In others, in patients with reduction of the local tumour following
therapy, a gradual disappearance of the malignant cell population
occurred.

MONITORING OF RESPONSE TO THERAPY

After Radical Surgery

In patients subjected to radical prostatectomy where pelvic
nodules were palpable per rectum, aspiration biopsy verified local
recurrence of the tumour.

91
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Fig. 1. Poorly differentiated prostatic carcinoma, with polymorphous

nuclei and evident nucleoli. Recurrence after estrogen
therapy. MGG-stained smear from prostatic aspirate.

Hormone Therapy

The cellular changes in histologic sections of prostate carci-
noma following estrogen therapy were first demonstrated by Kahle,
Schenken and Burns in 1943 (3). These changes can easily be studied
by transrectal aspiration biopsy of the malignant gland. The nuclei
become uniformly dark and lose their chromatin details. Large
squamous cells with pyknotic nuclei appear together with the so-
called glycogenic cells (Fig. 2). The latter are probably the most
characteristic cells of a prostatic smear after estrogen therapy.
They are round or oval, appear single or in small groups and in
special staining prove to contain glycogen. They are never seen in
the prostatic aspirate before therapy and they disappear if the
patient stops his medication.
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Fig. 2. Cytclogic changes in prostatic carcinoma after estrogen
therapy: altered carcinoma cells with pyknotic nuclei and
glycogenic cells. MGG-stained smear from prostatic
aspirate.

In patients in whom long term hormonal therapy is successful it
is increasingly more difficult to identify obvious carcinoma cells,
while squamous metaplastic and glycogenic cells will dominate in
the smear. On the other hand, the response to therapy is classified
as poor when the smears on check-up are dominated by unmodified
cancer cells.

Radiation Therapy

Morphological changes in the malignant cell population occur
slowly after radiotherapy and in our experience a control biopsy of
the prostate should not be carried out earlier than four months
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after radiotherapy for two reasons - (a) the gland is still oedema-
tous, bleeds easily and there is a danger of complications, and (b)
several atypical cells are still present, morphologically resemb-
ling carcinoma cells but not viable. In fact they disappear later on.
When performing a control biopsy too soon there is a risk of a false
positive diagnosis. The ideal time for a check biopsy after radio-
therapy is probably between four and six months.

If the therapy has been successful, unmodified carcinoma cells
will later on become less numerous while radiation changes become
evident: cytoplasmic vacuolization, and markedly enlarged nuclei of

Fig. 3. Radiation changes in prostatic carcinoma cells: enlarged
nuclei with vacuolisation. MGG-stained smear from prostatic
aspirate.
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bizarre shape, exhibiting signs of nuclear damage such as large
vacuoles (Fig. 3). The cellularity of the irradiated gland decreases
gradually and, with full effect, a control biopsy will yield scant
material and no carcinoma cells.
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THE ROLE OF ASPIRATION BIOPSY IN FOLLOWING PATIENTS TREATED

WITH CHEMOTHERAPY AND RADIATION

S. Brosman

Bay Urologic Medical Group
Santa Monica,
California, USA

INTRODUCTION

The value of fine needle aspiration biopsy (FNA) in the diagnosis
of prostate cancer has been confirmed repeatedly from numerous studies
(1,2). The technique has a high degree of efficiency in that the sen-
sitivity (true positive) and specificity (true negative) correlate
well with the standard needle biopsy. The FNA is not recommended as
a general screening test for prostate cancer but to help establish
the diagnosis in patients whose prostates are suspicious for carci-
noma. An additional use of the test may be to help determine res-
ponse to therapy.

The method has several advantages as a diagnostic study. Anaes-
thesia is not required, the complication rate is low, the study can be
repeated at frequent intervals, and very small areas of the prostate
can be examined. As experience with the technique has increased,
cytologic grading has improved and can be correlated with over 90%
of the histologic specimens (1,3).

Based on cytomorphologic criteria, Esposti and others have des-
cribed the characteristics associated with tumor grade (3,4). Cyto-
logic aspiration of well differentiated tumors (Grade 1) tends to
demonstrate clusters of cells, nuclear polymorphism of a moderate
degree and nucleoli which are distinct and not enlarged. The cells
are often grouped into an adenomatous complex with the nuclei on the
periphery.

Moderately differentiated (Grade 2) lesions show an increase in
nuclear polymorphism and less cellular adherence. Poorly differ-

entiated lesions (Grade 3) are characterized by extreme nuclear
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polymorphism, enlarged nucleoli and cellular dissociation.

RESULTS

We have evaluated serial FNA biopsies in patients whgegave been
treated with external beam irradiation, implantation of 1 seeds,
hormonal therapy and combination chemotherapy.

Changes following hormonal therapy (5,6) have been adequately
reported and this discussion will be confined to a small series of
patients who were treated with irradiation or chemotherapy.

The patients were biopsied prior to the initiation of treatment
and at regular intervals (3 - 6 months) depending on the type of
treatment. Four to six slides were obtained from each patient. The
slides were labelled according to the site of the aspiration and com-
pared to previous biopsies.

RADIATION THERAPY

There have been 39 patients with localised prostate cancer
treated with some form of irradiation. Twelve received external beam
irradiation 6500rl§gd 27 patients were treated with interstitial ir-
radiation using 1 . The dose varied between 28,000 and 42,000r.
These patients were biopsied every six months following completion
of their therapy. Grade 1 tumor, as determined by a combination of
FNA and histologic biopsy, was the predominant grade in 18 patients,
Grade II in 14 patients and Grade III in 7 patients.

The cytologic effect of irradiation was the same in patients
receiving external beam or interstitial irradiation. The predominant
effects characteristic of radiation change are the 'smudging' or
indistinctiveness of cellular fractures and boundaries, pyknotic
nuclei and small or absent nucleoli (7).

All twelve patients treated with external beam irradiation
demonstrated malignant appearing cells six months following therapy
(Table 1). Ten patients (87%) had a definite radiation response
with altered cytology. The remaining two patients showed no apparent
change from their original biopsy. At 12 months all of the patients
had biopsies disclosing abnormal, irradiated cells. Eighteen months
following therapy, no malignant or radiation altered cells could be
found in five (40%) patients. The remaining patients demonstrated
radiation altered cells. There were changes in the predominant cell
pattern which were attributed to a beneficial therapeutic response.
There were six patients originally considered to have Grade 2 tumors.
Following irradiation, three of these patients had a predominant
Grade 1 tumor. One of the three patients with a Grade 3 tumor had
a change in the predominant cell pattern in Grade 1. After twenty-
four months, seven patients (58%) had no evidence of radiation
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altered cells or neoplastic cells. Two of the remaining five patients
demonstrated neoplastic cells which did not seem to be altered by
radiation, while the last three had bizarre cells due to radiation
effect. None of the 12 patients in this group has yet shown evidence
of metastatic disease.

The group of 27 patients treated with interstitial irradiation
were biopsied six months following surgery. The biopsies revealed
radiation effect in all the patients (Table 2). At 12 months, 9 pati-
ents (35%) had no evidence of carcinoma, 8 patients had only scattered
cells showing severe radiation effect, and 10 patients demonstrated
numbers of irradiated cells, of whom three also had neoplastic appear-
ing cells which did not have a radiation effect.

At eighteen months, 14 patients showed no evidence of carcinoma
in their biopsies, eight patients had neoplastic cells showing radia-
tion effect and five patients demonstrated 'healthy' neoplastic cells
in addition to cells with radiation effect.

Twenty-four months following surgery, no tumor could be iden-
tified in 18 (66%) patients and nine continued to show neoplastic
cells with radiation effect. Five of these patients also demonstrated
unaffected cancer cells.

The presence of apparently unaltered cancer cells in addition to
the continued presence of irradiated cells has led us to bel}gge that
these patients may not have had a good distribution of the 1 seeds.
None of the patients has received additional therapy and there has
been no evidence of recurrence.

Table 1. Results of fine needle aspiration biopsy (FNA)
in 12 patients receiving radiotherapy (6500r)

Months after radiotherapy
Result of FNA

6 12 18 24

Positive with XR response 10 12 7 3

Positive without XR > _ _ >
response

No tumor - - 5 7

Decrease in grade (8) - - 4 2
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Table 2. Results of FNA in 27 patients treated with I125
Months after 1125 therapy
Result of FNA 6 12 18 ol
Positive with XR response 27 18 8 9
Positive without XR 0 3 5 5
response
No tumor 0 9(33%) 14(52%) 18(66%)
Decrease in grade (13) 0 5 2 2

Tumor grade could be evaluated in 13 patients. Twelve months
following therapy, an alteration in the predominant cell grade could
be seen in five patients and an additional two patients had an alter-
ation in their cell grade at 18 months. These instances of down-
grading are not likely to reflect an actual decrease in the grade of
the malignancy, but a change in the predominant cell pattern. This
change may be due to an absence of higher grade tumor cells or a
reflection of sampling.

CHEMOTHERAPY

Fifty-six pat%ents were treated wiEh a combination of cis-
p%atinum (100 mg/m~), cytoxan (0.8 gm/m~) and stilphostrol (0.8 gm/
m~) (Table 3). Full dose therapy was given monthly for 2 - 4 months,
followed by lesser doses of maintenance therapy at monthly intervals.
Forty-two patients had received prior irradiation or hormonal ther-
apy. Fourteen patients had newly diagnosed disease and had received
no prior therapy. Grade 1 tumor was present in 21, Grade 2 in 23,
and Grade 3 in 12 patients. Serial FNA was performed every three
months to evaluate the effect of therapy.

The cytologic changes related to chemotherapy have been dif-
ficult to interpret because of the combination of therapies. The
major cytologic changes were a change in the predominant tumor grade
and an absence of cancer cells on biopsy. Hormonal changes were
noted in some cells. Although the cytologic morphology appears to
be altered by chemotherapy in the majority of patients, we have not
been able to identify uniform or specific changes. Many patients
showed no change in their cellular morphology.

The alterations in the tumor located within the prostate did
not always correlate with those in tumor located elsewhere. 1In some
instances there was a good response within the prostate as indicated
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Table 3. Chemotherapy (56 patients)
DDP - CTX - Stilphostrol

Months Patients MOPpggisgical Grade ngor
3 56 31(55%) 9(16%) 0
6 48 35 18 y
12 37 22(59%) 18(48%) 8(21%)
18 25 16 15 7
24 16 11(68%) 11(68%) 5(31%)

by a reduction in prostate size, a softening of the gland, and a
decrease in tumor grade or an absence of tumor whilst tumor in the
bone or other locations was progressing. If we assume that prostate
cancer is a polyclonal tumor, the therapy may be effective in eradic-
ating some clones but ineffective in others.

A morphologic change attributed to the effects of chemotherapy
was seen in 55% of patients at three months, 59% at 12 months and
68% at 24 months.

The predominant cell pattern had a decreased tumor grade in
16% of patients at three months, 48% at 12 months and 68% at 24
months. No tumor was seen on biopsy in 21% of patients at 21 months
and 31% at 24 months. This table does not reflect patient survival
but only changes in the results of FNA. The patients are hetero-
geneous - some had prior therapy and others had not been treated
previously.

DISCUSSION

The value of FNA in monitoring the results of therapy is depen-
dent upon the use of the data and the implication of residual cell-
ular material in the prostate. If the presence of altered cells in
an irradiated prostate has no clinical meaning, there is no need to
perform biopsies. The presence of such cells does not necessarily
imply that they are active or will contribute to metastatic disease.
However, if unaltered cancer cells are identified two years following
radiation, consideration could be given to the institution of addit-
ional therapy. A decrease in the predominant cell grade may suggest
only a partial benefit from therapy.

FNA in patients receiving chemotherapy may be considered in the
same manner. A variety of techniques are available to assess thera-
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peutic response. An absence of tumor cells or a decrease in the
predominant cell grade may reflect a benefit of treatment particularly
if this corresponds to changes in other parameters.

There is not enough data to determine the specificity, sensiti-
vity and efficiency of FNA as a sole diagnostic aid. Therefore
caution must be exercised before one uses the results of FNA in
making therapeutic decisions. At the present time the use of FNA
should be as an adjunct in determining response to therapy.
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Editorial Note (M.P.M.)

Stilphostrol is a trade name for phospho-oestrol or stilboestrol
diphosphate (honvan in most european countries), whereas cytoxan
(endoxan in Europe) corresponds to cyclophosphamide. It is a pity
that this study does not correlate the cytological response with the
clinical response or the survival rate.
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The normal morphogenesis and cytodifferentiation of rodent
prostatic epithelium is strongly dependent on the continuous
association with mesenchymal cells of proper (i.e. urogenital) origin
(1,2). The inductive capacity of urogenital stroma has been tested
on different epithelia, and it was found that, in the presence of
androgens, integumental epithelium was transformed by urogenital
stroma into a glandular epithelium characteristic of the source of
the stroma (1,3). Moreover, adult bladder epithelium could be
induced to form prostate-like acini by embryonic stroma of urogenital
origin (3). From these observations McNeal (4) hypothesized that the
formation of prostatic acini during the development of benign
prostatic hyperplasia may be the result of a re-expression of
embryonic inductive capacity. Cunha et al. (5) summarized the pre-
requisites for prostatic development to be i) the presence of
androgens; ii) the presence of "inductive" stroma and iii) the
ability of the epithelium to respond to the inductive influences.

According to the generally accepted mechanism of steroid hormone
action, androgens exert their effect(s) on target tissues through
specific receptors present in the cytoplasm, which translocate to the
nucleus after binding the androgen. In the nucleus, mRNA and protein
synthesis are stimulated, leading ultimately to the observed hormonal
effects (6). Prior to receptor binding, testosterone is reduced to
5~-dihydrotestosterone (7), which has a higher affinity for the
androgen receptor. Androgen receptors (8-11) and 5¢-reductase (11-
14) are indeed present in human prostatic tissue.
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CELL SEPARATION

For the study of possible biochemical interactions between
stroma and epithelium from human prostatic tissue, the availability
of a method to separate the two tissue compartments is essential.
Mechanical (15,16) and enzymatic (17,18) methods have been used for
the separation of human prostatic epithelium and stroma. Generally,
however, the yield was low and the cells obtained lacked viability.
In our laboratory a method was developed for the isolation of human
prostatic epithelial cells, which is based on squeezing of finely
minced tissue and purification of the epithelium by a series of
sedimentation steps at unit gravity (19). Although 95% of the cells
excluded trypan blue and about 45% of the cells incorporated uridine,
it has not yet been possible to maintain the cells in culture. As an
alternative to separation of cells, selective cultivation of fibro-
blasts, which are assumed to represent the stromg and epithelium
(20,21) have been used to obtain separated cell types. A possible
disadvantage of these methods is that the cells obtained may not
properly reflect the cells present in the original prostatic tissue
sample.

MARKERS

The prostate is known to be rich in acid phosphatase and
ornithine decarboxylase (22). Acid phosphatase is generally accepted
to be a marker for prostatic epithelial cells (23-25) and its
activity was found to be 25 times higher in epithelial cells than in
the remaining stroma (19). Although the activity of prostatic acid
phosphatase in the serum of patients with advanced prostatic carcinoma
decreases after castration, the dependency of the enzyme activity on
hormones has not yet been established unequivocally. Using the
prostatic cell line MA 160, Ban et al, (26) showed that both andro-
gens and oestrogens decreased acid phosphatase activity. There are,
however,serious doubts whether this cell line is still to be con-
sidered as being prostatic (for review, see 27).

In 25% of patients with prostatic cancer and 8% of patients with
benign prostatic hyperplasia elevated serum levels of spermidine have
been detected (28). Because of the abundancy of ornithine decarbox-
ylase in the prostate, this enzyme, which catalyses the first step in
polyamine biosynthesis, may be useful for the study of androgen
dependency of prostatic tumours. Carcinoembryonic antigen secretion
has also been used as a marker for prostatic epithelial cells in
culture (29). In the same study, the polyamine concentration of the
culture medium was found to be of no value as a marker for prostatic
epithelial cells.
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BIOCHEMICAL PROPERTIES

Andogen receptors appear to be distributed evenly over epithelium
and stroma, as does dihydrotestosterone (11). Sex hormone binding
globulin (SHBG) was found to be associated exclusively with the stroma
(16). These results could be explained by assuming that the SHBG
provides a high testosterone concentration to the stromal 5<-reductase
and that the DHT formed in the stroma moves to the epithelium where it
interacts with the androgen receptor. Recent findings (14,30,31) that
5«x-reductase is almost exclusively confined to the stroma are in
agreement with such a model. The observation reported by Habib et al.
(32) that stromal and epithelial 5«-reductase activites were of a
similar order of magnitude, is in sharp contrast to these findings.
Differences in the methods used for the separation of the cells and
estimation of the enzyme activity may well be responsible for the
differences in the reported results. In prostatic carcinoma tissue
the S5x-reductase activity is lower than in BPH-tissue (33,34). This
difference appears to be due to changes in the enzyme activity in the
stroma, since the activity was much higher in fibroblasts and stroma
from hyperplastic tissue than in fibroblasts and stroma from carcinoma
tissue (35,36). The distribution of steroid receptors over the tissue
compartments has also been studied by Pertschuk et al. (37,38).

Using incubation of tissue slices with a fluorescent testosterone
derivative, they found most fluorescence to be localized in the
epithelium. There is, however, still serious doubt about the nature
of the protein(s) which bind fluorescent steroid derivatives (39) and
a proper biochemical study still needs to be carried out. Oestrogen
(40), progesterone (41) and prolactin (42) receptors have been identi-
fied in human prostatic tissue. The concentration of oestrogen
receptors appears to be higher in carcinoma tissue than in hyper-
plastic tissue (40). Krieg et al. (31) reported that oestrogen
receptors could be identified more often in isolated stroma than in
epithelium or in whole tissue preparations.

The distribution of all receptors over the prostatic tissue
compartments as well as their possible role in stromal-epthelial
interactions needs to be studied further.

CONCLUSION

In order to determine if stromal-epithelial interactions play a
major role in the development of benign prostatic hyperplasia and/or
prostatic cancer, future research must be directed towards:

1. improvement of techniques for the separation of prostatic
epithelium and stroma, with special emphasis on the viability
of the cells obtained;

2. the identification of proper markers for the stroma;
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the study of possible effects of isolated stroma on the
biochemical properties of the isolated epithelium, and, if
such effects should indeed be observed;

identification of the factor(s) which may be responsible for
these effects.
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INTRODUCTION

Since Broders' first tumor grading system in 1926 many attempts
have been made to correlate various histologic features of a tumor
with the prognosis of the patient. Also for prostatic carcinoma
many grading systems have been developed (1), but only a few of them
have found wide acceptance. One of the reasons for this is the
tendency of many prostatic cancers to show varying degrees of
differentiation and structure within a single section and often with-
in a single microscopic field. Another reason may be the lack of
reproducibility of most, if not all, grading systems. However, some
grading systems seem to be very promising. Among these the most
significant are those of Gleason (2) and of Mostofi (3).

Mostofi uses the term differentiation exclusively for the
tendency of the tumor to form glands, and the term anaplasia for the
variation from normal in size, shape, staining and chromatin
distribution of the nuclei in the tumor cells. His grading system
is built up with architectural criteria, such as the various tumor
formations (small, intermediate or large glands, cribriform tumor
and solid tumor), the amount of stroma and the amount of tumor, and
with cytological criteria such as size of cell, the aspect of the
cytoplasm, nuclear size, nuclear pleomorphism, presence of mitoses,
presence of nucleoli and the presence of nuclear vacuoles. With
these criteria he estimates an overall tumor grade.
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Using Gleason's system Harada and associates (4) found a good
reproducibility on repeat readings of this system, although there
was less correlation between their readings and Gleason's readings
of the same slides. They also found, using Mostofi's system, that
nuclear anaplasia and glandular differentiation correlated well with
death rates.

MATERIAL AND METHODS

In a series of 484 patients on whom the late Dr Elmer Belt
performed a radical perineal prostatectomy for cancer the patient
charts were reviewed retrospectively and in 346 cases histological
slides from the prostatectomy specimens were available for review.
These tumors were all regraded by Mostofi without knowledge of the
follow-up of the patients. Most of the tumors consisted of a varying
number of morphologically different formations. As Table 1 shows
their number varied from one to four per patient and a total of 668
tumor formations have been matched with the clinical data of 346
patients.

The survival curves were estimated according to Kaplan and Meier
and have been corrected for intercurrent, tumor unrelated and unknown
death causes. For the calculations of P-values in the comparison
of the survival curves the Logrank test was used.

In order to objectively evaluate nuclear variation in size and
shape a semi-automatic computerized image analysing system was used
(Videoplan, Kontron). This consists of a graphic tablet, connected
to a desk-computer, and a microscope with a drawing tube. The
graphic tablet is used for digitizing contour coordinates of figures
drawn on the tablet with a cursor. A light-emitting diode is mounted
in the centre of the cursor, which is visible as a small, red spot
together with the normal visual field of the microscope, via the

Table 1. The Number of Tumor Formations and
Their Relative Distribution in 346
Patients with Prostatic Carcinoma.

No. of Tumor No. of No. of
Formations Patients % Formations
1 113 32.6 113
2 152 44 .0 304
3 73 21.1 219
4 8 2.3 32

Total 346 100 668
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drawing tube. In this way contours of objects in the microscopic
image can easily be traced manually under visual control. The
digitized contours are fed into the computer, which calculates the
preselected parameters. The area and perimeter was calculated in
this case, together with two so-called form factors: a "form ellipse"
which is derived from the longest diameter of a structure and the
shortest diameter perpendicular to it in the following way:

f shortest diameter
longest diameter

ormellipse :

As can easily be seen the largest value for "form ellipse" is one
for a circle and less than one in the case of other structures. The
second factor we estimated was: "form pe" which is derived from area
and perimeter in the following way:

form = 4 x 77 x area
pe —_—

(perimeter)

Here also the largest value for "form pe" is one in case of a
circle and is less than one in all other structures. Reproducibility
of contour tracing was within 5%. This is consistent with data
from the literature (6,7).

RESULTS

Figure 1 shows the tumor related survival rates for the various
tumor formations from tumors consisting of only one formation.
The survival probability is plotted against the time in months.
There is no difference in survival between patients with small glands,
intermediate glands or large glands in their tumors, but these three
differ significantly in survival from patients with cribriform or
solid tumors. As Figure 2 shows, even the presence of cribriform
or solid tumor together with small, intermediate or large glands
makes prognosis significantly worse than in the case of small,
intermediate or large glands alone. The amount of tumor (Figure 3)
has prognostic importance insofar that patients with small amounts
of tumor do better than those with medium or large amounts. However,
one should not forget that all patients have had radical prostatectomy
and that especially the patients with small amounts of tumor might
have been cured by the operation.

The amount of stroma, the appearance of the cytoplasm, the
presence of nucleoli, the size of cell and the presence of nuclear
vacuoles, have all failed to identify groups of patients with
different survival rates.

On the other hand nuclear pleomorphism, i.e. the variation in
nuclear size and shape, identifies three groups of patients with
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Fig. 3 Survival rates in 161 patients according to amount of tumor
in their prostatectomy specimen (Mostofi's grading system).
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significantly differing survival rates (Figure U4). Patients with
marked pleomorphism of the nuclei do considerably worse than those
with moderate nuclear pleomorphism, while the group of patients
with slight nuclear pleomorphism has a 20 years survival as good as
80%. Also the presence of mitoses identifies a group of patients

with a worse prognosis, although few patients have many mitoses in
their tumors.

As nuclear pleomorphism seems to have prognostic importance we
tried to evaluate this objectively in order to obtain a reproducible
and objectively estimated parameter.

With morphometry we measured 150 consecutive nuclei in each tumor
formation and for each parameter we calculated the variation-co-
efficient from the average value and the standard deviation. We
used the variation coefficient as a standard for variation. Figure
5 shows the morphometrically estimated variation in nuclear size
identifying two groups of patients with a significantly differing
survival pattern. The value for V area (V stands for variation-
coefficient) of 34% was found empirically.

The variation-co-efficient for "form ellipse" and for "form pe"
did not identify significantly in differing prognostic groups.

Prostatic carcinoma
Survival according to V area.

area ¢ 34% (n = 75)

~ Varea) 343 (n = 32)
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60 120 180 240 months
Fig. 5 Survival according to morphometrically estimated variation

in nuclear size in 107 patients with prostate cancer.
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DISCUSSION

As is shown, in Mostofi's grading system only a few parameters
seem to have prognostic importance: glandular differentiation,
whether the tumor forms only small, intermediate or large glands
or whether it is growing in a cribriform or solid pattern. Secondly
anaplasia, and especially the variation in nuclear size and shape has
prognostic importance. The presence of mitoses may be of additional
help, although most tumors show no mitoses. This suggests that the
Mostofi grading system could be made simpler than it now is. With
morphometry we were able to recognise two groups of patients with
significantly differing survival patterns. It seems that only
variation in size might be of importance, as variation in shape
failed to show prognostic significance.

Although preliminary, this study shows that there may be a role
for morphometry in grading prostatic carcinoma. It has the advantage
of being objective and reproducible and is very easy to learn without
special knowledge of grading. Maybe morphometry can cast some light
on the complex problem of grading prostatic carcinoma. Until now we
don't know the exact value of this technique in grading, but this
will be a subject for further investigation.
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INTRODUCTION

Carcinoma of the prostate is a slowly progressive disease which
may be managed in many different ways. Treatment alternatives
include no treatment, surgery, irradiation, endocrine therapy and
cytotoxic chemotherapy. Diagnosis is easily achieved by rectal
examination and biopsy, and scanning techniques are readily available
for accurate clinical staging. The common osteosclerotic metastases
are not, however, easily assessed for progression or regression and
other marker lesions suitable for accurate measurement do not often
occur, even in advanced progressive disease. Therefore a good bio-
logical tumour marker would be invaluable to aid the clinician
monitor disease progression and the response to treatment and to
assess new hormonal and chemotherapeutic regimes in phase II clinical
trials. Although Huggins and Hodges (1) used plasma acid phosphatase
as a marker for this tumour it has the disadvantage that it is rarely
elevated in non-metastatic cancer and that in metastatic disease its
sensitivity (percentage true positive elevations) as a marker is low.
In addition during hormonal therapy disease progression is often not
accompanied by rising plasma levels of this enzyme.

Many alternative specific and non-specific biological markers
of potential value in the management of prostatic cancer have been
investigated during the last decade. These include enzymes, antigens
and acute phase reactant proteins.
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Table 1. Creatinine Kinase Levels in Patients
with Carcinoma of the Prostate

STAGE ELEVATED CK-BB

(NO. ELEVATED/TOTAL PATIENTS)

FIELD et al 1980 SILVERMAN et al 1979

A 0/3

B 1/26 3/4
C 0/35 2/2
D 11/46 10/ 11

D (with elevated
acid phosphatase) 10/13

POSSIBLE MARKERS

Creatinine Kinase

Creatinine Kinase is a foeto-placental enzyme. Its BB isoenzyme
(SK-BB) is elevated in the serum of patients with metastatic carcinoma
of the prostate but not in normal adults (2). Table 1 reports the
experience of Silverman et al (3) and Field et al (Y4) in measuring
this isoenzyme in different clinical stages of prostatic carcinoma.
Homberger et al (2) found that it was elevated in 20 of 135 patients
with benign prostatic hyperplasia and in 10 of 35 patients with
bladder cancer. Therefore CK-BB does not have diagnostic value for
carcinoma of the prostate but may yet be of value in predicting the
development of metastases and in monitoring response to treatment.

Serum Lactic Dehydrogenase

There has been much interest in serum lactic dehydrogenase

(SLDH) and its fifth isoenzyme SLDH-V as biological markers. Ishibi
(5) demonstrated that in 22 patients with prostatic cancer, low pre-
treatment plasma levels were associated with a 59% five year survival.
Only 28% of 29 patients with high pretreatment levels survived five
years. The prognostic significance of pre-treatment levels of total
LDH and SLDH-V were the same. Changes during therapy did not correl-
ate with survival.
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Fructose 1.6 Diphosphate Aldolase

This enzyme is associated with anaerobic glycolysis. Maganto-
Pavon et al (6) found that in 43 patients plasma levels were elevated
in 37% compared with 32% who had elevated prostatic acid phosphatase
and 27% with elevated SLDH.

Bone Alkaline Phosphatase Isoenzyme

Wajsman et al (7) have measured plasma total and bone isoenzyme
alkaline phosphatases in 105 patients with metastatic disease. Bone
enzyme levels were elevated in 91%. The patients with higher pre-
treatment levels of both phosphatases did not respond well to treat-
ment. In patients with a partial remission there was a greater than
25% decrease in bone alkaline phosphatase levels. Therefore these
enzymes have potential value in predicting prognosis and response to
treatment.

Plasma Carcinoembryonic Antigen

Carcinoembryonic antigen has been extensively investigated in
the management of many tumours. Kane and Paulson (8) in the study
of 27 patients with carcinoma of the prostate found decreasing plasma
levels in 19 patients responding to treatment and in eight with
progressive disease. Increasing levels were found in only four
responders and in 20 patients with progressive disease.

Hydroxyproline

Hydroxyproline is an amino acid constituent of the polypeptide
chain in collagen. As such it is a marker of bone matrix turnover
(9). Bishop and Fellows (10) found that whilst 24 hour urinary
hydroxyproline excretion was normal in all of 14 patients with non-
metastatic disease it was significantly elevated in all nine of their
untreated patients with metastases. Urinary concentrations were high
in only seven of 12 treated metastatic cases and reduction in the
concentration during treatment corresponded with symptomatic improve-
ment with little or no bone scan changes.

Urinary Fibronectin

Fibronectin is a high molecular weight glycoprotein. Episodic
elevations have been observed in the early morning urine of patients
with carcinoma of the prostate. Webb and Lin (11) found that it was
not elevated in benign prostatic hyperplasia. Using a single assay
there were 42% elevations in 32 patients with carcinoma of the
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prostate. In eight patients who had three sequential assays over a
period of two to six months, elevations were found in 100%.

Serum Immunoglobulins

Serum Immunoglobulins reflect the host's humoral immune response
to cancer and many other conditions. 1In 1972 Ablin and his colleagues
(12) reported the remission of metastases after cryotherapy of the
primary lesion in six patients. This phenomenon was associated with
increased circulating antibodies. Gursel et al (13) confirmed that
cryosurgery elevated circulating immunoglobulins IgG and IgM. They
also found higher IgG levels in Stage II patients with untreated
carcinoma of the prostate than in Stage IV patients. Lockwood et al
(14) confirmed these results. In their series, in both treated and
untreated patients, levels of IgG were higher in non-metastatic than
in metastatic disease (Figure 1). 1In their series they were not able
to show that oestrogen therapy like cryotherapy, produced elevations
of immunoglobulins.

The immunoglobulin studies by Deture et al (15) give different
results. They found significantly depressed levels of IgG in stage
A and B disease compared with controls whilst the levels in patients
with stages C and D disease were higher. The IgM levels were
depressed in all stages of prostatic cancer and the IgA levels
elevated in stages C and D disease.

The value of immunoglobulins in staging and monitoring prostatic
cancer remains in doubt.

Acute Phase Reactant Proteins (APRP's)

APRP's are elevated in prostatic cancer as the total tumour mass
increases (16,17). The levels of most APRP's are powerfully influ-
enced by oestrogens making them unsuitable for monitoring Stilboestrol
therapy (16,17,18). C-reactive protein (C-RP) and serum albumin
concentrations, however remain independent of oestrogen control and
Trautner and his colleagues (19) have shown that a chronic rise of
C-RP, especially when preceded by normal levels for several months,
strongly indicated disease progression. Albumin levels which fall
with the development of metastases are a useful guide to overall bio-
chemical status in a non-specific manner equivalent to performance
status. Patients with high serum C-RP and low serum albumin levels
have a poor prognosis.
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Fig. 1. Serum levels of IgG in patients with non-metastatic and
with metastatic carcinoma of the prostate.

CONCLUSIONS

This paper has reviewed some of the possible biochemical markers
of prostatic cancer alternative to acid phosphatase. An ideal marker
has not yet been found. Controlled clinical and laboratory studies
are required to identify and characterise all possible markers and
to explore their potential clinical use.
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SUMMARY

Acid phosphatase is not an ideal biological marker for prostatic
cancer. Many other enzymes, antigens and proteins have been investi-
gated in the management of this disease. Co-ordinated clinical and
laboratory studies are needed to identify, characterise and clinic-
ally evaluate new markers.
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