
&p.1:Abstract To investigate the histogenesis of undifferenti-
ated carcinoma of the prostate with small cell features
we analysed the expression of neuroendocrine (NE)
markers, the androgen receptor (AR), and prostatic-spe-
cific antigen (PSA) in 19 undifferentiated carcinomas of
the prostate. The proliferative activity (MIB-1/Ki67) of
the tumours was examined, and the clinical data re-
viewed. The results identified two groups: carcinomas in
group 1 were positive for PSA and AR and negative for
NE markers. The mean MIB-1 labelling index (LI) was
34.8% and the mean serum PSA value 56.4 ng/ml. Two
of the 7 patients died within 12 months after tumour di-
agnosis. The tumours in group 2 were NE differentiated
small cell carcinomas (SCC), which were negative for
PSA and AR. The mean MIB-1 LI was 82.6% and the
mean serum PSA value 7.1 ng/ml. Seven of the 10 pa-
tients died between 2 and 12 months after tumour diag-
nosis. Positive staining for NE markers in combination
with negative staining for PSA and AR and a high MIB-
1 LI substantiated the diagnosis of a NE-SCC. We sug-
gest that this tumour has a stem cell origin and does not
derive from a dedifferentiated adenocarcinoma or from
benign NE cells of the prostatic epithelium. This clear
distinction of NE-SCC from NE-negative undifferentiat-
ed carcinoma is in accordance with the differing biologi-
cal behaviour and response to therapy of the two tumour
entities.
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Introduction

Undifferentiated carcinoma of the prostate with small
cell features has a poor prognosis, because it has usually
reached an advanced stage by the time of diagnosis. Sur-
vival is measured in months [2, 14, 15, 19, 20]. It seems,
however, that prostate carcinomas with small cell fea-
tures are a heterogeneous group [18] and respond differ-
ently to therapy. Subclassification is therefore of thera-
peutic significance.

Neuroendocrine small cell carcinomas can be expect-
ed to behave like their counterparts in the lung, with sen-
sitivity to chemo- and/or radiation therapy. Undifferenti-
ated carcinomas deriving from poorly differentiated
adenocarcinomas might be expected to be sensitive to
antiandrogen therapy. Therefore, knowledge of the origin
of an undifferentiated carcinoma of the prostate with
small cell features will give a better understanding of the
reasons for the obvious differences in the biological be-
haviour and response to therapy. The histogenesis of
these tumours is unclear. One hypothesis is that they
originate from a cell lineage that is different from pros-
tatic epithelium [24], while another favours malignant
transformation of normal prostatic NE cells [23]. A third
hypothesis is based on dedifferentiation of the typical
type of adenocarcinoma [7, 21], and finally an origin
from a multipotential prostatic epithelial stem cell [9, 23]
has been proposed.

In order to obtain additional information, we per-
formed an immunohistochemical study of 19 cases of
undifferentiated carcinoma of the prostate with small cell
features. We used the NE markers neuron-specific eno-
lase (NSE), synaptophysin (SNP) and chromogranin A
(ChrA), the prostatic marker prostate-specific antigen
(PSA), and a marker against the androgen receptor (AR).
We analysed the proliferative activity of the tumours
with Ki-67/MIB-1. The results were related to clinical
data, such as serum PSA values at the time of tumour di-
agnosis, tumour therapy, death of disease rate, and sur-
vival time.
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Materials and methods
Among a series of 3503 prostatic carcinomas seen from 1994 to
September 1998, we diagnosed 19 cases of undifferentiated carci-
noma of the prostate composed of small cells comprising at least
90% of the tumour tissue. Prostatic metastases from small cell car-
cinomas of other organs, including the urinary bladder and the
lungs, were excluded clinically. Core needle biopsy material was
available from 11 patients and transurethral resection material
from 8 patients. The tissue was fixed in 4% buffered formalin and
paraffin embedded. Serial 4-µm sections were cut for routine his-
tology and immunohistochemistry. The following antibodies were
used: PSA (Biogenex, Hamburg, Germany,1: 70), AR (Biogenex,
Hamburg, Germany, 1:150), ChrA (Camon, Wiesbaden, Germany
1:1), NSE (Camon, Wiesbaden, Germany 1:1), SNP (Biogenex,
Hamburg, Germany, 1:100), Ki-67/MIB-1 (Dianova, Hamburg,
Germany 1:50).

Incubation time was 60 min for all primary markers except
PSA (30 min). Before the application of MIB-1 and the antibody
against AR, the slides were pretreated in a microwave oven (three
times 600 W for 5 min). All immunohistochemical reactions were
developed with the avidin–biotin-enhanced immunoperoxidase
technique. Tonsillar tissue served as positive control for Ki-
67/MIB-1, intestinal tissue for ChrA and NSE, and normal prostat-
ic tissue for PSA and AR. The primary antibody was omitted for
negative controls. All immunohistochemical analyses were inter-
preted by the same observer (B.H.). In each case 1000 cells were
counted in two different areas of the small cell component of the
tumour for each immunostaining (in an area of highest staining in-
tensity). The nuclear Ki67/MIB-1 and AR labelling index (LI) and
the immunostaining of cells for ChrA, NSE, SNP and PSA were
expressed as percentages of positive cells.

In 5 patients additional prostatic tumour tissue was obtained by
needle biopsy, transurethral resection (TUR), staging pelvic lym-
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Fig. 1 aUndifferentiated ade-
nocarcinoma with small cell
features. Tumour cells with nu-
cleoli in some cases, closely
packed. No clear glandular dif-
ferentiation. HE ×400 
b NE differentiated small cell
carcinoma of the prostate.
Small, closely packed tumour
cells with hyperchromatic 
nuclei. No glandular differenti-
ation. HE ×400&/fig.c:



phadenectomy or radical prostatectomy prior to or after the diag-
nosis of undifferentiated carcinoma with small cell features. Eval-
uation of this material was performed on sections stained with
haematoxylin & eosin.

Clinical and follow-up data were obtained from the attending
physicians.

Results

On routine haematoxylin & eosin-stained sections the 19
carcinomas showed conspicuous small cell features
(Gleason grade 9–10), representing at least 90% of the
entire tumour. This made it difficult to decide whether
the tumours derived from an usual adenocarcinoma or a

typical small cell carcinoma (Fig. 1a, b). Immunohisto-
chemically, however, the tumours could be clearly sepa-
rated into two groups. Those in group 1 (n=9) were posi-
tive for PSA and AR (Fig. 2a) but negative for ChrA,
NSE and SNP (Table 1). The mean MIB-1 LI was
34.8%, with a range of 21.7–60.6% (Fig. 3a). The mean
age of the patients was 69 (58–85) years. The mean se-
rum PSA level was 56.4 (3.5–146) ng/ml. The material
consisted of prostate biopsy specimens in 7 patients and
TUR material in 2 patients. The therapy given was radia-
tion and/or androgen deprivation in 3 patients, palliative
TUR in 1 patient and radical prostatectomy in 3 patients.
In 1 patient no information on therapy was obtainable. In
another patient, staging lymphadenectomy revealed
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Fig. 2 aPositive reaction to
androgen receptor of undiffer-
entiated adenocarcinoma of the
prostate with small cell fea-
tures. ABC technique, ×400 
b NE differentiated small cell
carcinoma. Labelling with syn-
aptophysin. ABC technique,
×400&/fig.c:



lymph node metastases; therefore radical prostatectomy
was not performed.

The radical prostatectomy specimens revealed stage
pT3pN0Mx and Gleason grade 9 tumours in 2 patients,
and a stage pT4pN0Mx, Gleason grade 9 tumour in 1 pa-

tient. Dedifferentiation of glandular carcinoma was
found in 2 patients with previous biopsies demonstrating
Gleason grade 6 (3+3) and 7 (3+4) tumours. Biopsies
and TUR material of group 1 patients did not reveal pre-
neoplastic lesions. The radical prostatectomy specimens

388

Table 1 Neuroendocrine (NE) differentiated small cell carcinoma of the prostate versus undifferentiated adenocarcinoma with small
cell features. Comparison of mean labelling index of different markers&/tbl.c:&tbl.b:

PSA % AR % NSE % SNP % ChrA %

Undifferentiated adenocarcinoma 61.8 90.3 0 0 0
with small cell features (n=9) (21.7–98.9) (81.7 – 94.7)

NE-small cell cancer (n=10) 0 0 82.6 60.6 24.7
(37.6 – 97.6) (12.7 – 81.7) (0.1 – 81.7a)

a Range of labelling index&/tbl.b:

a

b

Fig. 3 aUndifferentiated ade-
nocarcinoma with small cell
features. MIB-1 labelling of tu-
mour cells is clearly lower than
in NE differentiated small cell
carcinoma (b). ABC technique,
×560 b NE differentiated small
cell carcinoma with very high
MIB-1 labelling index. ABC
technique, ×560&/fig.c:



revealed foci of high-grade prostatic intraepithelial neo-
plasia (PIN) without NE differentiation in all specimens.

Group 2 tumours (n=10) were positive for ChrA, NSE
and SNP (Fig. 2b), but negative for PSA and the AR.
They had a very high MIB-1 LI, the mean being 82.6%
and the range 61.5–96.3% (Fig. 3b). The mean age of
these patients was 64.6 (59–78) years. The mean serum
PSA level of these patients was 7.1 (0.94–23.6) ng/ml.
None of the patients had endocrine symptoms. In 5 of
the patients the diagnosis was confirmed on needle biop-
sies, in another 4 patients TURP was performed with di-
agnostic and palliative intention. In 1 patient TURP was
performed because of suspected local recurrence of a
previously diagnosed NE-SCC of the prostate, which
was treated with antiandrogen and radiation therapy. In 2
patients tumour therapy consisted of androgen depriva-
tion. In 1 patient radical prostatectomy was performed.
In 6 patients no therapy was initiated. None of the pa-
tients received chemotherapy. Preneoplastic lesions
could not be identified; specifically, we found no foci of
PIN.

Follow-up data were available from 17 of the 19 pa-
tients. The mean follow-up time was 19.2 months (2–46
months). Nine of the patients died (52.9%) after 2–12
months (mean 8.7 months). In the group of patients with
PSA-positive carcinomas follow-up data were available
in 7 patients; 2 died within 12 months. In the group of
patients with NE differentiated pure small cell carcinoma
70.0% died (7/10) with a mean survival time of 7.7
months (2–12 months). A summary of the results is giv-
en in Table 2.

Discussion

Undifferentiated carcinomas of the prostate with small
cell features are very rare [14]. In our series of prostatic
carcinomas, spanning a period of 4.5 years, they account
for 0.5% of all cases. Two groups are distinguishable,
which differ clearly in their clinical and immunohisto-
chemical characteristics. Group 1 tumours represent de-
differentiated adenocarcinomas of the prostate, reflecting
a terminal aggressive change of these neoplasms [21,
22]. This process of dedifferentiation of the carcinomas
was demonstrable in 2 of our patients, in whom previous
prostate biopsies had shown the usual type of adenocar-
cinoma. Group 2 tumours represent NE-SCC of the pros-
tate. Their highly aggressive character [14, 19], clearly

exceeding that of usual prostatic adenocarcinoma, is re-
emphasized by our data.

The histogenesis of NE SCC of the prostate is still
controversial. There are four competing theories that are
most commonly discussed, which are summarized in the
introduction: these postulate variously that the tumours
derive from NE cells of the diffuse NE system or from
normal prostate NE cells that undergo malignant trans-
formation, that this entity is an undifferentiated variant
of the usual adenocarcinoma [7, 21] or that it arises di-
rectly from a putative stem cell of the prostatic epitheli-
um [9, 23].

Pearse postulated that NE tumours of the different or-
gans are derived from the APUD cell system [16], which
is now called the diffuse NE system (DNS). The as-
sumed neural crest origin of most of the cells is not
confirmed by embryological studies, which indicate an
endodermal origin [10, 11]. The final differentiation of
the cells is believed to occur under the influence of a
specific site or organ, such as the lungs, the prostate or
the urinary bladder [17]. Therefore, NE cells of the pros-
tate are integrated into the stem cell concept [5], and a
second cell lineage need not be implicated. Furthermore,
it has been shown that NE cells in the normal prostatic
epithelium represent postmitotic cells [6], which makes
it unlikely that these cells suddenly start to proliferate
and become a highly aggressive small cell carcinoma
(Fig. 4). Based on the observation that SCC was detected
during the course of a previously diagnosed adenocarci-
noma it has been postulated that SCC represents a final
step of dedifferentiation of the usual type of adenocarci-
noma [21]. In studies on prostatic tumour cell lines it
was shown that NE differentiation of the tumour cells
can be induced by raising cyclic adenosine monophos-
phate activity [3]. Coexpression of PSA supports the
prostatic epithelium origin of these NE cells [1]. Never-
theless, the cells seem to represent postmitotic cells
[3, 6]. Therefore it is unlikely that they will suddenly
start to proliferate and become a highly aggressive small
cell carcinoma (Fig. 4). Schron et al. [21] reported on
three cases of small cell carcinoma of the prostate detect-
ed during the course of treatment of a typical prostatic
adenocarcinoma. Absence of prostate-specific acid phos-
phatase staining (PSAP) in the small cell component was
interpreted as loss during the process of dedifferentiation
and taken as confirmation of the assumption that SCC
derives from the usual adenocarcinoma. However, the
authors did not differentiate between the two groups of

389

Undifferentiated NE differentiated pure small
adenocarcinoma with cell carcinoma (n=10)
small cell features (n=9)

Age (years) 69 (range 58–85) 64.6 (range 59–78)
Initial blood serum PSA (ng/ml) 56.4 (range 3.5–146) 7.1 (range 0.94–23.6)
MIB-1 LI (%) 34.8 (21.7–60.6) 82.6 (61.5–96.3)
NE marker Negative Positive
AR Positive Negative
Dead of disease (%) 2/7 (22.6) 7/10 (70)
Time to death (months) 12 7.7 (range 2–12)

&/tbl.b:

Table 2 Summary of differ-
ences in clinical and immuno-
histochemical characteristics in
undifferentiated adenocarcino-
ma with small cell features and
NE differentiated pure small
cell carcinoma (ARandrogen
receptor)&/tbl.c:&tbl.b:



Fig. 4 Different concepts of the origin of SCC of the prostate (for
detail see “Discussion”). The first theory that NE SCC (✹) devel-
ops from normal NE cells (▲▲) seems unlikely, because normal NE
cells are postmitotic. The second theory is based on the assump-
tion that adenocarcinoma (■) deriving from secretory epithelium
(■■) further dedifferentiates into carcinoma with small cell pattern
(■). Though transformation of tumour cells into cells with NE dif-
ferentiation (■) is possible, further dedifferentiation of these NE
cells into NE SCC seems unlikely, because these cells have been
proven to be postmitotic. The third concept postulates that NE
SCC derives de novo from a putative stem cell (●) as an early step
in dedifferentiation. Combinations with typical adenocarcinoma or
dedifferentiated adenocarcinoma with small cell features are pos-
sible, but adenocarcinoma and NE SCC still represent independent
tumor cell lineages. ●● Basal cell of normal prostatic epithelium&/fig.c:

SCC discussed in our paper. As staining for NE differen-
tiation was negative in 2 cases, at least these cases may
have represented undifferentiated adenocarcinomas with
a small cell pattern, and not pure NE SCC. Analysis of
the proliferative activity would have provided additional
information but was not performed.

In our opinion a direct stem cell origin for NE SCC
seems to be the most convincing (Fig. 4). According to
this theory, NE SCC represents an independent tumour
cell lineage that is distinct from the usual prostatic
adenocarcinomas and their variants at the stem cell level.
This is supported by the fact that immunostaining of NE
SCC for PSA and AR is negative and that the MIB-1 LI
is extremely high, clearly exceeding that of even dedif-
ferentiated adenocarcinomas. All this is in agreement
with its very aggressive biological behaviour and the
failure of the hormonal therapy normally given in typical
adenocarcinomas. Consequently, it is obviously neces-
sary to apply therapeutic regimens that take account of
the biological characteristics of this tumour entity. Fol-
lowing experience in treatment of small cell carcinoma

of the lung, chemotherapy, perhaps combined with radia-
tion therapy, has been adopted with some success [8, 12].
New therapeutic approaches directed at neuroendocrine
differentiation, as applied in endocrine tumours of other
organs, might be of additional benefit [13]. None of our
patients with NE small cell carcinoma received therapy
specifically directed against NE tumours. If treated at all,
their tumours were treated as typical adenocarcinomas.
In conclusion, subtyping of undifferentiated prostatic
carcinoma with small cell features is of clinical impor-
tance. This indicates that the pathologist has to recognize
NE small cell carcinomas and has to indicate this diag-
nosis explicitly to the urologist. The urologist, on the
other hand, has to be aware of the tumour biology, which
differs from that of the typical adenocarcinoma with or
without focal NE differentiation. This requires recogni-
tion of the NE character of this tumour entity when ther-
apy is planned.
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