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Histological Grade, Perineural Infiltration, 
Tumour-infiltrating Lymphocytes and Apoptosis 

as Determinants of Long-term Prognosis in 
Prostatic Adenocarcinoma 

S. Vesalainen, P. Lipponen, M. Talja and K. SyrjQnen 

A series of 325 prostati’c adenocarcinomas with a long-term clinical follow-up were subjected to light microscopic 
analysis of histological prognostic factors, including three grading systems (Gleason score, WHO grade, nuclear 
grade), perineural infiltration of the tumour (PNI), tumour infiltrating lymphocytes (TIL) and the presence of 
apoptotic cells (APO). All three histological classifications correlated significantly with the prognosis, but in 
multivariate analysis, the Gleason score was superior to the WHO grading or nuclear grading in predicting patient 
survival. PNI was significantly related to poor differentiation of the tumour, its progression and ominous disease 
outcome, particularly in Tl-2M0 tumours. The density of TIL was independent of the tumour differentiation, 
and absent or weak TIL were signs of a high risk of tumour progression and of a fatal disease. Apoptotic cells 
were commonly detected in poorly differentiated tumours and apoptosis was related to disease progression and 
low survival probability. The results suggest that the Gleason score, PNI and the density of TIL should be 
included in routine pathology reports, to be used by clinicians while making therapeutic decisions in prostatic 
cancer. 

Key words: prostatic adenocarcinoma, Gleason score, WHO grade, nuclear grade, perineural titration, 
apoptosis, tumour infiltrating lymphocyte, progression, survival 
EurJ Cancer, Vol. 3OA, No. 12, pp. 1797-1803,1994 

INTKODUCTION disease outcome and to assist in selecting the proper therapy 
PROSTATIC ADENOCARCINOMA is a clinically and biologically [ 1, 7, 81. However, opinions differ as to which of the grading 
heterogeneous disease [l-6]. A proportion of tumours run an systems gives the best prognostic estimates. The Gleason score 
unfavourable course, while the majority of the tumours do not is based on histological architectural features alone [ 11, while the 
lead to death [6]. A number of histological grading systems have WHO grading system divides tumours into three malignancy 
been introduced in prostatic adenocarcinoma to predict the grades on the basis of architectural and cellular features [7]. 
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Prognostic evaluation of the tumours can also be based on 
cellular features alone. Nuclear grading omits the histological 
architecture of the tumours and is based on nuclear character- 
istics alone [9, lo]. 

Prognosis of the prostatic tumours is related to specific 
histological features, in addition to histological differentiation. 
The potential to invade into the surrounding tissues [ 11, 121 or 
inflammatory cell reaction (tumour infiltrating lymphocytes, 
TIL) [ 13, 141 in the tumour stroma are known to be of prognostic 
significance. Perineural infiltration (PNI) of the tumour is typical 
for prostatic cancer and it also bears some prognostic information 
[12, 151. The density of TIL has been related to prognosis in 
several epithelial tumours [13, 141, but in prostatic carcinoma, 
no previous reports are available on the eventual prognostic 
value of this histological feature. 

Programmed cell death (apoptosis) is characterised by nuclear 
fragmentation [l&20], which can be easily identified in prostatic 
lesions as well. The prognostic significance of cell proliferation 
is already established in prostatic tumours [2, 41, whereas the 
prognostic significance of apoptosis is unknown. 

The present study was designed to assess the prognostic value 
of three subjective grading systems and three special histological 
features in a cohort of 325 patients with prostatic adenocarcin- 
oma followed-up for over 13 years. The prognostic potential of 
these histological features was compared to the clinical prognos- 
tic factors in a multivariate analysis. 

PATIENTS AND METHODS 
325 patients with prostatic adenocarcinoma were diagnosed, 

treated and followed-up during 1971-1992 at the Department of 
Surgery, Kuopio University Hospital, Finland. The mean (SE.) 
age of the patients at diagnosis was 71.5 (0.4) years (range 
39.9-92.0). The follow-up period lasted for a mean (S.E.) of 
13.0 (0.2) years (range 7.5-21.4). Diagnosis, clinical staging 
[21], treatment and follow-up were carried out mainly by two 
urologists according to standard clinical practice. During the 
first 5 years of the follow-up, the examinations were performed 
every 3-6 months and thereafter approximately once a year. 
This scheme was modified if necessary because of the activity of 
the disease. All tumours were treated according to the generally 
accepted principles. There were eight radical prostatectomies 
and four radical radiation therapies and 107 patients were treated 
by oestrogens. A combination of oestrogen and cytostatics was 
used in 4 cases. Orchiectomy was performed in 159 patients and 
transurethral resection in 85 patients. A total of 106 cases were 
subjected to active follow-up only without any primary therapy. 
There were 114 Tl, 77 T2, 101 T3 and 33 T4 tumours. Of the 
325 patients included in this analysis, 224 had no detectable 
metastases at the time of diagnosis, while 101 had a metastatic 
disease. The progression of tumours was defined as an increase 
in the T or M category during the follow-up. The N category 
was not used because it can be accurately defined only by pelvic 
lymph node dissection which was infrequently performed in our 
clinic during the study period. The causes of death were verified 
from patient files, death certificates and from the files of the 
Finnish Cancer Registry. 
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Lipponen and K. Syrjben are at the Department of Pathology and 
Forensic Medicine, University of Kuopio, POB 1627, FIN-70211 
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Histological methods 
Five-micrometre thick sections were cut from the paraffin- 

embedded surgical and needle tumour specimens and stained 
with hematoxylin and eosin. The samples were examined for the 
histological prognostic factors by one investigator who was 
unaware of the clinical data. Tumours were graded according to 
the grading system of Gleason [l] and that of the WHO [7]. 
Nuclear grading (NG) of the tumours was completed into four 
nuclear grades, as detailed in the previous literature [9, lo]. 
Perineural infiltration (PNI) was categorised into two groups: 
no (0) and yes (1). 

The presence of apoptotic cells in the sections was also scored 
into two groups; no (0) and yes (1). The criteria used in de-g 
apoptosis were adopted from the literature [ 161. These include 
the following: (a) cells showing marked condensation of 
chromatin and cytoplasm, (b) cytoplasmic fragments containing 
condensed chromatin, (c) intra- and extracellular chromatin 
fragments down to diameter of about 2 pm. 

The density of TILs was scored into three groups as detailed 
previously [ 13, 141. In TIL grade 1, lymphocytes were rare or 
absent. A TIL 2 category included tumours with a moderate 
lymphocyte infiltrate, and TIL grade 3, tumours with a dense 
lymphocyte infiltrate. 

Statistical methods 
In basic statistical calculations, the SPSS-X was used in an 

IBM computer and the statistical tests used are indicated in 
results when appropriate. Frequency distributions were tested 
by the x2 test and Yate’s correction was applied when appropri- 
ate. The univariate survival analysis (log-rank analysis) was 
based on the life-table method with the statistics by Lee and 
Desu [22]. Multivariate survival analysis was carried out with 
the BMDP (2L) [23] in a stepwise manner. Both survival analyses 
used deaths from prostatic carcinoma as events. Progression-free 
survival was defined as the time interval between the primary 
therapy and the first signs of progression of the disease (T or M 
category). In multivariate analysis, the enter limit was P < 0.1 
and the removal limit was P > 0.15. 

RESULTS 
The distribution of cases into different malignancy grades is 

shown in Table 1. The results show that the nuclear grade, 
WHO grade and Gleason score are significantly interrelated. 
The density of TIL was independent of the Gleason score while 
apoptosis and perineural infiltration were significantly more 
common in Gleason score 8-10 tumours than in those with 
Gleason score values between 2 and 4. 

Progression of Tl-2M0 tumours was significantly related to 
the Gleason score, WHO grade and nuclear grade (Table 2). The 
presence of apoptotic cells predicted progression in T and M 
categories, whereas the PNI and the density of TIL were related 
significantly to progression in the M category only (Table 2). 

The survival analysis showed that all the analysed histological 
features were significantly related to prognosis in Tl-2M0 
(Table 3, Figures l-4), MO and in TldMO-1 tumours (Table 
3, Figures 5, 6). The same features also predicted the pro- 
gression-free survival (Table 4). According to the univariate 
survival analysis, Gleason score, WHO grade, PNI and the 
presence of apoptic cells were the most important prognostic 
factors, in addition to TM classification. 

In the multivariate analysis, M category, Gleason score, T 
category and patient age were independent prognostic factors in 
that order (Table 5). In MO tumours, T category, patient 
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Table 1. Gleason score related to other histological features in prostatic adenocarcinoma 

Variable 11 
Gleason score 

2-4 5-7 F-10 X2 P* 

WI-IO grade 1 11 6 5 0 
WHO grade 2 117 11 100 6 207 < 0.0001 
WHO grade 3 197 1 44 152 

NGl 11 6 5 0 
NG2 116 11 99 6 224 < 0.0001 
NG3 127 1 43 83 
NG4 71 0 2 69 

TIL 1 131 6 52 74 
TIL 2 127 7 63 57 5 0.2 
TIL 3 66 5 34 27 

APO 0 167 18 124 25 157 < 0.0001 
APO I 158 0 25 133 

PNI 0 107 7 76 24 56 < 0.0001 
PNI 1 77 0 17 60 

*x4 test. PNI, perineural infiltration; TIL, tumour infiltrating lymphocytes; APO, apoptosis; NG, 
nuclealr grading. 

Table 2. Progression of T1-2MO tunwurs as related to histological features 

Variable 

Gleason 24 
Gleason 5-7 
Gleason 8-10 

WHO grade 1 
WHO grade 2 
WHO grade 3 

NGl 
NG2 
NG3 
NG4 

PNI 0 
PNI 1 

TIL 1 
TIL 2 
TIL 3 

APO 0 
APO 1 

Progression 
in T category 

No Yes 

13 0 
91 19 
27 15 

5 2 
74 12 
52 20 

5 2 
74 11 
46 16 

6 5 

61 15 
18 8 

36 11 
61 14 
34 9 

98 19 
33 15 

2 

:* 

10 
0.006 

5 
0.087 

8 
0.036 

1 
0.2 

1 
0.8 

5 
0.030 

Progression 
in M category 

No Yes 

12 1 
92 13 
27 18 

8 0 
74 7 
49 25 

8 0 
73 7 
46 16 

4 9 

66 9 
17 9 

30 15 
66 9 
35 8 

101 14 
14 18 

2 

fi* 

16 
< 0.001 

117 
0.0001 

30 
< 0.001 

7 
0.009 

8 
0.016 

14 
0.002 

*x2 test. See Table 1 for abbreviations. 

age, Gleason score and the density of TIL had independent 
prognostic significance (Table 5). In Tl-2M0 tumours, histo- 
logical differentiation, PNI, the density of TIL and T category 
were independent prognostic factors (Table 5). 

DI!iCUSSION 
Clinical stage is the most important prognostic factor in 

prostatic adenocarcinoma, and in particular, the presence of 
distant metastasis at diagnosis refers to a high intrinsic malig- 
nancy [2, 41. The survival rate of Tl-2M0 tumours was high 
which indicates that their malignant potential and the ability to 
send metastases are low. Local tumours are usually diploid and 
slowly proliferating [2-51 and alterations in oncogenes are rare 
[4]. In contrast, in invasive prostatic tumours, aneuploidy is a 

common feature [2], they are rapidly proliferating [2] and 
changes in oncogenes are often present [4]. In general, survival 
rates of the patients in the various stage categories of the present 
series are consistent with the results presented in the previous 
literature [l-4, 24, 251. 

Histological differentiation is a key determinant of prognosis 
and therapy in prostatic tumours [ 1, 7, 8, 121. This analysis 
showed that the Gleason score [l] was superior to the other 
classification systems in predicting prognosis [7-lo]. The Glea- 
son score is based on the assessment of different aspects of 
malignant architectural features which generally improves the 
prognostic value of a given prognostic parameter, e.g. grade as 
it also does in breast cancer [26]. However, the Gleason score 
has not been widely used in the clinical context due to its 
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Table 3. Ten-year survival of patients with Tl-2M0, and TlAMO-1 tumours categorised according to clinical and histological prognostic 
factors 

Variable n 

Tl-2M0 
Survival (%) 
at 10 years n 

Tl-+MO-1 
Survival (%) 
at 10 years 

Tl 110 85 18.5 113 85 91.8 
T2 63 60 < 0.0001 77 50 < 0.0001 
T3 - 101 15 
T4 - 33 0 

MO - 224 65 107.6 
Ml - 101 5 < 0.0001 

Gleason 2-4 14 100 13.3 18 95 50.1 
Gleason 5-7 114 85 0.0013 149 70 cc 0.0001 
Gleason 8-10 46 50 158 25 

WHO1 8 100 9.3 11 80 30.2 
WHO2 89 85 0.0095 117 70 < 0.0001 
WHO 3 77 60 197 30 

NGl 8 100 13.8 11 80 37.1 
NG2 88 85 0.0050 116 70 < 0.0001 
NG3 65 70 127 40 
NG4 13 40 71 15 

PNI 0 82 90 15.5 107 65 19.7 
PNI 1 27 45 0.0001 77 25 < 0.0001 

TIL 1 48 65 7.6 132 30 11.4 
TIL 2 79 75 0.0218 127 55 0.0033 
TIL 3 47 90 66 70 

APO0 133 85 10.4 65 28.3 
APO 0 51 55 0.0012 30 < 0.0001 

*Log-rank analysis. See Table 1 for abbreviations. 

relatively complex assessment as compared to the WHO grade 
or nuclear grade [7, 9, 10, 151. The present results clearly show 
that the Gleason score should be adopted in routine use in the 
pathology laboratories, since it is more closely related to patient 
survival than the WHO grade or nuclear grade. 

I I I I I I I I I I I 

40 80 120 160 200 
Follow-up time (months) 

Figure 1. Survival of the patients with a Tl-2M0 tumour subdivided 
according to the Gleason score. The difference in survival among the 
curves is significant (x2 = 13.2, P = 0.0013). Curve a: Gleason score 
2-4, II = 14; curve b: Gleason score 5-7, n = 114; curve c: Gleason 

score S-10, II = 46. 

Nuclear grading is based on the identification of various 
nuclear features such as the size, shape, chromatin structure and 
the presence of nucleoli in cancer cells [9, lo]. The nuclear 
grade closely correlates to prognosis in several human tumours 
[9, 10, 271, and the present results are in alignment with the 
previous reports. The results suggest that nuclear grading can 

80 - 

20 

t 
II 11 1 I I II I I 

40 80 120 160 200 
Follow-up time (months) 

Figure 2. Survival of the patients with a Tl-2M0 tumouc subdivided 
according to the WHO grade. The difference in survival among the 
curves is significant (,$ = 9.3, P = 0.0095). Curve a: grade 1, II = 8; 

curve b: grade 2, II = 89; curve c: grade 3, II = 77. 
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Fi 3. Survival of the paltients with a Tl-2M0 tumour subdivided 
according to perineural infiltration (PNI). The difference in survival 
between the curves is sigaiiicant (x2 = 15.5, P = 0.0001). Curve a: 

PNI(-), II = 8.2; curve b: PNI(+), II = 27. 

be used in prostatic adenocarcinoma, especially in cases where 
the amount of tissue available for grading is limited, e.g. in 
needle biopsy specimens. In particular, disease progression and 
poor outcome are highly probable in nuclear grade 3-4 tumours, 
while the difference in prognosis between the nuclear grade 1 
and 2 tumours is not dramatic. 

PNI has been previously related to malignancy in prostatic 
adenocarcinoma [12, 151 which was confirmed by the present 
results. PNI is usually related to malignant cellular features and 
rapid cell proliferation w.hich are all general signs of a high 
degree of malignancy [121. In particular, PNI seems to have 
prognostic significance in local Tl-2M0 tumours, and accord- 
ingly, it should be included in the routine histopathology reports. 
However, PNI cannot always be assessed due to a limited 

80 

a 
z 60 
.z > 
5 
cn 40 
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40 60 120 160 200 
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Figure 4. Survival of tbe patients with a Tl-2MO tumour subdivided 
according to the presence of apoptotic nuclei (APO). The difference 
ia survival between the curves is signifmant (x2 = 10.4, P = 0.0012). 

Curve a: APO(-), B = 133; curve b: APO(+), I = 51. 
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Figure 5. Survival of the patients with a THMO-1 tumour subdiv- 
ided according to the nuclear grade (NG). The difference in survival 
among the curves is sigoificant (x2 = 31.7, P < 0.0001). Curve a: 
NGl, II = 11; curve B: NG2, II = 116; curve c: NG3, n = 127; curve 

d: NG4, n = 71. 

amount of tissue available for diagnostic purposes, i.e. in needle 
biopsies. 

The density of TIL has been previously related to prognosis 
in various neoplasms [ 12-141. The majority of the lymphocytes 
infiltrating human tumours are T-lymphocytes [28], including 
the cytotoxic cells which may resist tumour growth and promote 
a higher survival rate. In breast cancer, tumours with a dense 
TIL have a better prognosis than in those without any lympho- 
cyte reaction [13]. Similarly, in urological neoplasia (bladder 
and renal carcinomas), dense TIL refers to a higher survival 
probability [12, 141. The present analysis shows that also in 
prostatic adenocarcinoma, tumour-host interactions have prog- 
nostic significance since tumours with a dense TIL have a 

80 - 

20 

i 
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40 80 120 160 200 
Follow-up time (months) 

Fii 6. Survival of the patients with a Tl-WO-1 tumour subdiv- 
ided according to the hunour infiltrating lymphocyte (TIL) grade. 
The difference in survival among the curves is signiticant (x2 = 11.4, 
P = 0.0033). Curve a: TIL(3), n = 66; curve b: TIL(Z), n = 127; 

curve c: TIL(l), II = 132. 
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Table 4. Ten-year progression-free survival (PFS) and survival (S) of patients with MO tumours categorked according to histological 
prognostic factors 

Variable n 

PFS at 
10 years 

(%) 
X2 
P 

S at 
10 years 

(%) 
X2 
P 

Gleason 24 
Gleason 5-7 
Gleason 8-10 

WHO1 
WHO 2 
WHO 3 

NGl 
NG2 
NG3 
NG4 

PNI 0 
PNI 1 

TIL 1 
TIL 2 
TIL 3 

APO 0 
APO1 

15 95 
126 85 
83 50 

8 
97 

119 

8 
96 
90 
30 

90 
85 
60 

92 
44 

79 
90 
55 

133 
91 

90 
85 
65 
40 

85 
50 

60 
85 
75 

85 
55 

34.2 
< 0.0001 

19.9 
< 0.0001 

24.5 
0.0001 

19.6 
< 0.0001 

14.4 
< 0.0007 

25.5 
< 0.0001 

100 
80 
45 

100 
80 
55 

100 
80 
60 
30 

80 
45 

50 
75 
80 

80 
45 

23.1 
< 0.0001 

18.8 
0.0001 

24.4 
0.0001 

13.4 
0.0002 

12.7 
0.0017 

22.7 
< 0.0001 

See Table 1 for abbreviations. 

30% higher survival probability in the univariate analysis than 
tumours with absent or weak TIL only. 

Programmed cell death is a normal physiological process by 
which cells are eliminated during embryonic development and 
in adult life [ 171. Apoptosis is characterised by a cascade 
of genetic and biochemical events that cause cell shrinkage, 
condensation of cytoplasmic and nuclear material, cleavage of 
chromosomal DNA into approximately 200 base pair fragments 
and enchanged recognition of the dying cells by phagocytes 
[ 16, 17, 28-301. Disturbances in this physiological process may 
lead to the development of neoplastic diseases [ 18-201. In an 

involuting prostate, apoptotic cells can be found, most probably 
related to changes in androgen metabolism during old age [3 11, 
since cells are dependent on various viability factors, like growth 
factors and hormones [3 11. 

In cancer, apoptosis is under highly complex regulation and 
oncogenes (c-myc, bcl-2 and ~53) are also involved in the process 
[17,29, 30, 321 by regulating the direction of the cell cycle 
either towards mitosis or apoptosis. It is becoming clear that 
mitosis and apoptosis are linked in some way and that the balance 
achieved depends on signals received from appropriate growth 
or survival factors [19, 201. The present results show that 

Table 5. Independent predictors of survival in Cox’s analysis at the significance level of P =C 0.05 

P WE.) P Hazard rate (95% C.I.) 

All cases 
M category 
Gleason score 
T category 
Age 

TldMO 
T category 
Age 
Gleason score 
TIL grade 

Tl-2MO* 
PNI 
T category 
TIL grade 

1.224 (0.222) < 0.001 3.40 (2.18-5.30) 
0.713 (0.191) 4 0.001 2.04 (1.39-2.98) 
0.421 (0.118) 0.001 1.52 (1.20-1.92) 
0.028 (0.011) 0.015 1.02 (1.01-1.05) 

0.802 (0.169) < 0.001 2.23 (1.59-3.12) 
0.062 (0.016) < 0.001 1.06 (1.03-1.09) 
0.748 (0.285) 0.014 2.11 (1.19-3.74) 

-0.391 (0.175) 0.012 0.67 (0.47-0.95) 

0.870 (0.475) < 0.001 2.38 (0.92-6.17) 
0.841 (0.462) 0.026 2.31 (0.92-5.84) 

-0.818 (0.322) 0.041 0.44 (0.23-0.84) 

p, coefficient of the regression model. Hazard rate = eo 
*If perineural infiltration was not included, independent predictors were Gleason score (RR = 3.06, P < O.OOl), T category 
(RR = 2.77, P < 0.001) and TIL grade (RR = 0.59, P = 0.026). C.I., confidence interval; TIL, tumour infiltrating lympho- 
cytes; PNI, perineural infiltration; RR, relative risk. 
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apoptosis is related to a low differentiation grade, e.g. rapid cell 
proliferation, This relationship is reflected in the results of 
survival analysis which shows that the presence of apoptotic cells 
in the specimens refers to a poor disease outcome. These results 
are in line with the results obtained by direct measurement of 
cell proliferation in prostatic adenocarcinomas [2, 51. However, 
more sophisticated methods are clearly needed to clarify the role 
of programmed cell death in prostatic neoplasia. 

Multivariate analysis also included patient age to control its 
confounding effect since the prognostic significance of patient 
age has been recognised in several neoplasms [33, 341. Also, in 
prostatic cancer, old men have a more unfavourable prognosis 
than do their younger counterparts and this applies to invasive 
tumours, in particular. The lower survival rate of old men is not 
due to TIL since TIL and: age are not related significantly. It 
may be due to several comorbid diseases and compromised 
general condition, including a reduced capacity to resist tumour 
growth. In MO tumours, the host response (TIL) was a highly 
significant independent pro~gnostic factor, The risk ratio between 
TIL grades ranged betwee.n 0.4 and 0.6 which means that the 
risk of death of prostatic adenocarcinoma in TIL grade 1 is over 
two times as high as in TIL, grade 3 turnours. The risk ratios in 
prostatic adenocarcinoma are close to those found in the breast, 
bladder or renal tumours [ lZ, 141 which suggests some generality 
in the role of tumour-host interactions in the prognosis of 
neoplastic diseases. 

In summing up the results of this study, we conclude that 
Gleason score, PNI and the density of lymphocyte reaction 
in prostatic adenocarcinoma should be included in routine 
histopathology reports. These histological characteristics com- 
bined with patient age and extent of the primary tumour provide 
a bulk of prognostic information for the urologist to use in 
making therapeutic decisions. 
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