
Urol Res (1994) 22:213-220 �9 Springer-Verlag 1994 

W. de Riese �9 E.B. Walker �9 C. de Riese �9 T.M. Ulbright 
W.N. Crabtree �9 J. Messemer �9 J.A. Jones �9 A. Hinkel 
R.S. Foster �9 J.P. Donohue �9 T. Senge 

Quantitative DNA measurement by flow cytometry and image analysis 
of human nonseminomatous germ cell testicular tumors 

Received: 13 October 1993/Accepted: 4 May 1994 

Abstract Current clinical staging, which includes the use 
of serum tumor markers and imaging techniques, fails to 
identify the 30-40% of clinical stage I (CS I) nonseminom- 
atous germ cell testicular tumor (NSGCT) patients who 
have occult metastatic disease. Therefore, there is a real 
clinical need to evaluate new biological parameters of the 
primary tumor that might be useful as predictors of occult 
metastatic disease. This study was undertaken to compare 
quantitative DNA measurements by flow cytometry and 
image analysis in CS I NSGCT, and to analyze the 
relevance of these parameters for predicting occult lymph 
node involvement. Different blocks of formalin-fixed, 
paraffin-embedded NSGCTs of 62 CS I patients who 
underwent retroperitoneal lymph node dissection between 
1985 and 1989 were prepared according to the Hedley 
technique, and analyzed by quantitative cytometry. 
Thirty-six (58.1%) patients had histologically proven 
lymph node involvement (pathological stage II), whereas 
26 (41.9%) patients (pathological stage I) had neither 
lymph node metastases according to retroperitoneal 
lymph node dissection (RPLND) specimens nor tumor 
recurrence during follow-up. Concordant results were 
found in 76.5% of the samples by both cytometric 
techniques. For  flow cytometry, the percentages of aneu- 
ploid cells in the S- and the G2M + S-phase were the most 
robust predictive parameters for lymph node involvement, 
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whereas for image analysis the 5c exceeding rate (5cER) 
had the most predictive significance. Based on the experi- 
ence obtained in this study, both cytometric techniques 
provide additional information on tumor aggressiveness 
that might be useful in therapeutic selection of early stage 
NSGCT patients for either RPLND or surveillance only. 

Key words Testicular cancer �9 DNA content �9 Flow 
cytometry �9 Image analysis 

DNA ploidy analysis has been shown to have prognostic 
and, in some cases, diagnostic value in the clinical 
evaluation of patients with different human solid tumors 
[i2, 14, 23]. Since its inception in the mid-1970s flow 
cytometry (FC) has been commonly used, and it is 
considered by many to be the standard method for DNA 
quantification. FC is an accurate and rapid method of 
DNA measurement, which allows analysis of large 
numbers of cells. Recent advances in image analysis (IA), 
especially the introduction of automated video cameras 
integrated to computer software systems for high-resol- 
ution detection of cellular components, have improved 
this method so that it is now rapid, simple, and economi- 
cal. Several studies have compared these techniques (FC 
and IA) recently. These studies have shown a good 
correlation between these two methods for DNA quantifi- 
cation [5, 15]. In 1983 Hedley et al. [10] described a 
technique for obtaining nuclear suspensions suitable for 
analytical cytometry from paraffin blocks. The use of 
paraffin blocks for FC analysis has played a critical role in 
establishing the value of DNA ploidy analysis in several 
human neoplasms, by allowing retrospective studies of 
patients for whom long-term follow-up of clinical out- 
come is available [9]. 

One of the main problems in the care of patients with 
clinical stage I (CS I) nonseminomatous germ cell testicu- 
lar cancer (NSGCT) is that of occult retroperitoneal or 
distant metastases. Current clinical staging, which in- 
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cludes serum tumor  markers  and  imaging techniques such 
as computed  tomography  and  sonography,  fails to ident-  
ify the 30-40 % of CS I patients who have occult metas- 
tases [4, 16]. There is, therefore, a real clinical need to 
evaluate new biological parameters  and  combina t ions  of 
mul t iparameter  measurements  that  might  be useful as 
predictors of occult  metastat ic  disease. 

This s tudy was designed to compare  the D N A  conten t  
obta ined  by FC and  IA in early-stage NSGCT.  This type 
of comparat ive analysis is necessary to evaluate and  to 
determine the predictive significance of these two analyt i -  
cal techniques for D N A  quant i f ica t ion in early-stage 
N S G C T  patients.  

Materials and methods 

All 62 NSGCT patients investigated in this study were initially CS I 
(no evidence of metastatic disease according to imaging techniques 
and serum tumor markers) prior to retroperitoneal lymph node 
dissection (RPLND). All had been treated by orchiectomy and 
RPLND and had been followed up for at least 2 years. Thirty-six 
patients (58.1%) had histologically proven lymph node involvement 
(pathological stage II), whereas 26 patients (41.9%) (pathological 
stage I) had neither lymph node metastases according to the RPLND 
specimens nor tumor recurrence during follow-up. 

Single cell preparation 

Formalin-fixed and paraffin-embedded tissue from 62 different 
NSGCT, CS I, (archival material: 132 blocks) were prepared by the 
Hedley technique to measure DNA content by FC and IA [10]. 
Briefly, paraffin blocks were recut in areas corresponding to the most 
representative portions of the tumor previously identified NSGCT. 
50-pm sections were cut sandwiched between corresponding 5-gm 
sections for routine HE staining to reconfirm the presence of tumor 
tissue. The tissue sections were then deparaffinized in two changes of 
xylene (Sml for 10min) at room temperature. Rehydration was 
accomplished by exposing the sections to a sequence of 5 ml ethanol 
solutions (100%, 95%, 70%, 50%) for 10rain each at room 
temperature. The tissue was then washed twice in distilled water. 
After decanting the supernatant, the tissue was minced with a pair of 
iris sissors. Then 2 ml of 0.5 % pepsin solution (Pepsin Sigma, activity 
2,500-3,200 units/mg protein in 0.9% NaC1, adjusted to pH 1.5 with 
2 N HC1) was added to each sample. The quality of tissue digestion 
was monitored by using an inverted microscope to observe when 
optimal single cell solutions had been achieved and to avoid 
overdigestion. Incubation times averaged 40 min and ranged from 30 
to 60min. As recently outlined, different components of scarred 
tissue, fibrosis, and necrosis have a relevant impact on enzymatic 
tissue disaggregation [18]. Therefore, the individual sample diges- 
tion times varied depending upon the tissue components (cancer, 
teratoma, scar, and connective tissue). All digestions were carried 
out in a water bath at 37~ Tissue disaggregation was enhanced by 
vortexing the sample at 5-min intervals. Digestion was stopped by 
adding 2 ml phosphate-buffered saline (PBS) containing 1% bovine 
serum albumin (BSA). The cell suspension was filtered through a 45- 
gm nylon mesh (TETKO, Briarcliff Manor, N.Y.) and layered over 
2ml 1M sucrose. After two washes with 2ml of 1% BSA/PBS 
solution the nuclei were resuspended in 0.5 ml BSA/PBS. The cell 
concentration was determined by a hemocytometer and adjusted to 
1 • 106 per ml. Quality and cell quantity for each sample was then 
checked by DiffoQuik staining (American Scientific Products, 
McGaw Park, Ill.) on one drop from each sample. 

In each preparation series, formalin-fixed, paraffin-embedded 
normal cerebellar tissue from a single patient sample was used as an 

external diploid control to monitor any potential variation in sample 
preparation, instrument calibration and alignment, and Feulgen 
staining that might affect the results. 

Flow cytometric DNA measurement 

For FC, the samples were stained according to the method of 
Vindelov et al. [22]. Approximately I-2•  106 nuclei were stained 
with 3ml Vindelov's propidium iodide solution [0.01M Trizma 
Base, 10 mM NaC1, 50 mg/ml of propidium iodide (Sigma), 1 mg/ml 
of RNAse (Sigma)]. After a 30-min incubation in the dark, the 
samples were centrifuged and then resuspended in 1 ml of Vindelov's 
propidium solution without RNAse. The samples were held at 4~ 
and run within 1-3 h of preparation. 

FC was performed by using a Coulter profile II flow cytometer 
(Coulter Electronics, Hialeah, Fla.). The flow cytometer contained 
an air-cooled argon laser (488 nm excitation wavelength for propidi- 
um iodide) and was calibrated with DNA Check beads (Coulter). 
The emission fluorescence of propidium iodide (>550nm) was 
collected after passing through a series of filters (488 nm long-pass 
dichroic filter, 488 nm blocking filter, and 550 nm long pass dichroic 
filter). Approximately 25,000-50,000 events were collected per 
sample by the use of two-parameter gating. Doublets were eliminat- 
ed by gating on peak versus linear propidium iodide fluorescence. 
The DNA histograms were evaluated by Modfit software (Verity 
Software House, Topshaw, Me.). 

Because of the lack of easily identifiable external normal diploid 
(2c) controls suitable for comparison with all the formalin-fixed, 
paraffin-embedded samples, the first peak in all the DNA histograms 
was assumed by convention to be representative of the 2c G0/G1 
peak of the non-neoplastic cells present [7, 9, 10]. The DNA index 
(DI), defined as the ratio of the modal channel number of G0/G1 
peak of the malignant cells to that of G0/Gt peak of the normal 
diploid cells, was used to quantify the amount of DNA and 
determine the DNA ploidy of the samples. A DNA histogram was 
classified as diploid (DI = 1) if there was a single G0/G1 peak that 
contained > 80% of the total events. A DNA histogram with one or 
more G0/G1 peaks (excluding the 2c G0/G1 peak) and DI ~ 1 was 
classified as aneuploid. Aneuploid samples were subclassified ac- 
cording to the value of DI (hyperdiploid: 1 <DI < 1.8; tetraploid: 
1.8 < DI < 2.2; hypertetraploid: DI > 2.2). In order to differentiate 
tetraploid samples from proliferating diploid samples, the G0/G1 
peak of the tetraploid sample had to contain >20% of the total 
events. 

Normal testicular tissue contains haploid/diploid compartments. 
Where the presence of haploid was confirmed by IA, the second peak 
in the FC histogram was commonly defined as the diploid peak. 
DNA histograms that contained peaks with a full-peak coefficient of 
variation (CV) > 10, aneuploid peaks with < 10% of the total events, 
and closely overlapping peaks with high CV values (> 10) were 
classified as insufficient data. 

Slide preparation and Feulgen DNA staining for image analysis 

A 30-G needle was used to deposit three drops of the unstained cell 
suspension directly onto a glass slide (sedimentation technique). 
According to a prior study this technique was superior to the 
cytospin technique [ 18]. If necessary BSA/PBS solution was used to 
adjust the cell concentration to give an optimal distribution of single, 
non-overlapping nuclei [ 18]. The slides were air-dried and stored at 
room temperature until Feulgen DNA staining. After postfixation in 
10 % neutral buffered formalin for 20 min, the slides were stained by 
the Feulgen reaction with the Roche Image Analysis Systems 
Feulgen staining kit (Roche Image Analysis Systems, Elon College, 
N.C.). After DNA staining, the slides were stored in a dark container 
and measured within 2 weeks. Rat liver touch preparations provided 
in the staining kit were also stained, to serve as an external control for 
the DNA stain. 



Table 1 Comparison of flow cytometry and image analysis concern- 
ing classification of DNA ploidy in 62 human nonseminomatous 
germ cell testicular tumors (NSGCT) (132 tumor samples) 

Flow cytometry Image analysis 

Dip- Aneuploid 
loid 

Hyper- Tetra- Hyper- 
dip- ploid tetra- 
loid ploid 

Insuffi- 
cient 
data a 

Diploid 10 3 
Aneuploid 

Hyperdiploid 8 66 
Tetraploid 2 5 
Hypertetraploid 3 3 

Insufficient data b 19 11 

a CV of the 2c peak > 10 
b CV of the 2c peak > 10 or not enough events obtained 
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Fig. 1 Correlation between DNA indices (DI) of 56 non-seminom- 
atous germ cell testicular tumors (NSGCT; 102 samples) by flow 
cytometry and image analysis (r = 0.88, P < 0.0001) 
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Statistical analysis 

For statistical comparison of data collected from the two procedures 
the univariate chi-square test and the linear regression test were 
performed. P-values less than 0.05 were considered statistically 
significant. All P-values were two-tailed. 

Results 

Flow cytometry 

Of the 132 NSCGT samples processed for FC, 102 (77.3 %) 
had interpretable DNA histograms. Of these 102 neoplas- 
tic samples, 13 (12.7%) were diploid and 89 (87.3%) were 
aneuploid. Of these 89 aneuploid tumors, 74 (83.1%) were 
hyperdiploid, 9 (10.1%) were tetraploid, and 6 (6.7%) 
hypertetraploid. The mean CV of the 2c peak for all 
samples was 6.32 (range 2.99-9.68). There were 18 samples 
that did not provide enough events, and 12 samples had a 
CV of the 2c peak > 10 (Table 1). 

Image analysis 

Of the 132 NSGCT samples, 121 (91.6%) yielded inter- 
pretable data by this technique: 23 (19.0%) were diploid, 
and 98 (81.0%) were aneuploid. The aneuploid tumors 
consisted of 96 (97.9%) hyperdiploid and 2 (2.1%) tetra- 
ploid. Hypertetraploid samples were not observed using 
this technique, probably because of the small number of 
nuclei analyzed compared to FC. The mean CV of the 2c 
peak was 6.96 (range 3.21-9.89). The mean 5cER was 5.33 
(range 0.00-25.58). For pathological stage I the mean 
5cER was 2.42 (range 0.00-17.75) and for pathological 
stage II, 7.88 (range 0.00-25.58). Eleven samples provided 
too few events (not enough nuclei on the slide, or CV of the 
2c peak > 10) (Table 1). 

Cytometric image analysis 

IA was performed with the ROCHE Pathology Workstation (Roche 
Image Analysis Systems, Elon College, N.C.). Generally, 300 viable 
nuclei were classified interactively for each sample. The slides were 
examined in a meander fashion to avoid double analysis. Spindle- 
shaped nuclei of normal testis cells and fibrocyte nuclei were used for 
internal 2c controls. If only one peak corresponding to the diploid 
population was identified, the sample was defined as diploid. The 
tumor was classified as aneuploid if a prominent  peak was identified 
between 2c and 4c that  occurred outside the diploid range and 
contained more than 10% of the total number of nuclei. The 
aneuploid histograms were subclassified according to the value of DI 
(hyperdiploid: 1.1 < DI < 1.8; tetraploid: 1.8 < DI < 2.2; hypertetra- 
ploid: DI > 2.2). A sample was classified as tetraploid when the 2c 
G2 /M peak contained over 20% of the total number  of nuclei and 
when nuclei were present in the 8c position (2c G2 /M peak for the 
tetraploid stemline). The percentage of nuclei with a DNA content 
over 5c was defined as the 5c-exceeding rate (5cER) [8]. The DNA 
content determinations by FC and IA were performed independently 
and blindly by different operators, which means that  neither the 
pathological stage nor the result of each type of analysis was revealed 
until both  cytometric analyses had been completed. 

Comparison of the two methods 

In 102 testicular tumor samples that had interpretable FC 
and IA data, concordance of DNA ploidy classification 
was observed in 78 (76.5%), as defined by DI. Linear 
regression of these data results in a significant correlation 
(r = 0.88, P < 0.0001) (Fig. 1). Figures 2 and 3 are examples 
of concordant diploid DNA histograms and aneuploid 
DNA histograms, respectively. Figures 4-6 are examples 
of discordant DNA ploidy results. In Fig. 4 an aneuploid 
stemline (near diploid, D I =  1.26) is detected by FC, 
whereas by IA a diploid DNA distribution only is 
obtained. Figures 5 and 6 are examples of a tetraploid and 
a hypertetraploid tumor in FC, whereas IA exhibits 
diploid tumors in both cases. The IA results may be due to 
the small number of analyzed nuclei compared to FC. 
Table 1 summarizes the DNA ploidy classification by FC 
and IA of all 132 NSGCT samples. Nineteen of the 30 
tumor samples that did not provide sufficient data by FC 
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Fig. 2a, b Comparison of concordant diploid DNA histograms 
generated by a flow cytometry (FC) and h image analysis (IA) of the 
same NSGCT sample (x-axis DNA content, y-axis cell count). 
DI = 1.0 
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Fig. 3a, b Comparison of concordant aneuploid DNA histograms 
generated by a FC and b IA of the same NSGCT sample (x-axis DNA 
content, y-axis cell count). The first peak in all histograms was 
representative of the normal 2c nuclei, a DI - 1.42; b DI = 1.46 

Table 2 Correlation of flow cytometry (FC) and image analysis (IA) 
parameters with pathological lymph node stages (I, no lymph node 
metastases; II, histologically confirmed lymph node metastases) P 
value (Chi-square test) 

P-value 
(Chi-square test) 

DNA-Index a,b > 0.05 
Diploid nuceli (%)~ > 0.05 
Aneuploid nucli (%)a > 0.05 
Total S-phase" > 0.05 
Total G2M + S-phase ~ > 0.05 
S-phase diploid nucleP > 0.05 
G2M + S-phase diploid nucleP > 0.05 
S-phase aneuploid nucleP 0.0001 
G2M + S-phase aneuploid nuclei a 0.0001 
5cER (exceeding rate) b 0.0006 

Obtained by FC 
b Obtained by IA 

Table3 S- and G2M+S-phase of aneuploid cells and 5cER as 
prognostic markers for occult metastatic disease in early stage 
NSGCT. Of 62 NSGCT cases, 50 (80.6 %) were correctly classified as 
pathological stage I and II 

Pathological stages 

I II I + n 

Low risk 21 7 28 
High risk 5 29 34 

26 36 62 

(CV > 10, or not  enough events) were interpretable  by IA. 
Figure 7 illustrates one example. 

Table 2 shows the statistical correlat ion of the FC and  
IA data  with the 2 pathological  stages (I, II). Dis ,  
percentages of diploid and  aneuplo id  cells, total  S-phase 
and  S-phase of the diploid cells did no t  correlate with the 
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N-ploidy b Diploid, 11.5% of all events between 3.6c and 4.4c b 

Fig. 4a, b Comparison of DNA histograms generated by a FC and 
b IA of the same NSGCT sample (x-axis DNA content, y-axis cell 
count), a DI-1.26 (aneuploid/near-diploid); b DI= 1.00, 5cER 
(exceeding rate) = 4.98 

Discussion 

lymph node status. However, percentages of the aneuploid 
cells in the S- and G2M+S-phases (parameter only 
available by FC) and the 5cER (obtained by IA) were 
strongly correlated with pathologically proven lymph 
node metastases. 

The optimal cut-off was 25% for the S-fraction, 27% 
for the G2M + S-fraction, and 4.2% for the 5cER. Tumors 
above the cut-off value of at least one marker were 
considered as being involving a high risk and those below 
the cut-offs of all three markers, a low risk of metastatic 
disease. Using all three parameters (S-and G2M + S-phase 
of aneuploid cells, 5cER) as prognostic markers, 21 
(80.8 %) of 26 cases in pathological stage I and 29 (80.6 %) 
out of 36 in pathological stage II were correctly classified 
(Table 3). Test efficiency (percentage of cases correctly 
classified for both pathological stages) was 80.6%. 

The introduction of flow cytometric methods made it 
possible to perform rapid measurements of large popula- 
tions of tumor cells [13, 19]. It became possible not only to 
reveal the presence of aneuploid cells in the tumor,  but 
also to give estimates of cells in the various cell cycle 
phases. Retrospective studies of nuclei extracted from 
paraffin-embedded tissue and analyzed by FC have pro- 
vided the basis of much of our knowledge of the prognos- 
tic value of measuring DNA content in tumors [2, 9, 21]. 
However, the prognostic significance of DNA ploidy and 
proliferation rates vary between different types of malig- 
nancies [9]. 

Recent advances in IA, especially the introduction of 
automated video cameras integrated into computer soft- 
ware systems for high-resolution detection of cellular 
components, have improved this method to the point 
where it is now rapid, simple, economical and, thus, 
comparable with FC. With the increased interest in the 
evaluation of DNA content in human solid tumors, a 
thorough understanding of the methodological and tech- 
nical aspects of FC and IA as the two main methods in 
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Fig. 7 DNA histogram of a tumor sample (NSGCT); on IA enough 
data were present (337 nuclei measured. DI = 1.70, whereas there 
were too few events in FC (x-axis DNA content, y-axis cell count) 

DNA measurements is needed. Most of the comparative 
studies concerning FC and IA have been performed in 
breast carcinomas. To our knowledge, no similar com- 
parative data are available in studies of testicular cancer. 
This study was performed to compare DNA quantifica- 
tions using both techniques in early-stage NSGCT. 

The main problem in the care of patients with early 
stage (CS I) NSGCT is the detection of occult retroperito- 
heal metastatic disease. The use of serum tumor markers 
and imaging techniques, including CT scan and sono- 
graphy, have not reliably predicted occult disease. If CS I 
patients are followed up (surveillance strategy), about 
35% will develop metastatic disease within 2 years, 
whereas 65% of such cases will never have any tumor 
recurrence [4, 16]. If NSGCT patients of this clinical stage 
undergo RPLND, 30-35% have lymph node metastases. 
The existing diagnostic criteria needs to be improved in 
order to detect patients at low and high risk respectively, 
and thus to minimize over or undertreatment [4, 16]. 
Conventional histological parameters are presently not 
efficient in dealing with this issue. Therefore, objective 
quantitative measurements of new tumor biologic 
markers, or new approaches to multiparameter analysis 
of existing diagnostic measurements, are necessary to 
achieve a better assessment of the malignant potential of 
individual tumors and thus arrive at better prognostic 
indicators. 

In the present work, flow cytometric and static cyto- 
metric DNA measurements of the same nuclear suspen- 
sions of testicular tumor samples were compared. The 
proportion of aneuploid tumors detected by FC and IA in 
62 NSGCT cases was similar to the incidence of aneu- 
ploidy reported by others [20]. Concerning DNA ploidy as 
defined by DI, concordant results using the two tech- 
niques were obtained in 76.5 % of the tissue blocks. These 
data correspond to similar comparative reports recently 
published on other human solid malignancies [1, 6, 11]. In 
most cases of discrepancy between FC and IA results, the 
difference may be explained by any of several factors. One 
possible reason is the small number of nuclei analyzed in 
IA compared with FC. This might also be a relevant factor 
in causing (on average) higher CVs of the 2c peaks in IA 
than in FC, as shown by our data. Secondly, the majority 
of the samples (>90%) were obtained from different 
hospitals where orchiectomy for the primary tumor was 
performed. In our experience, the use of different fixatives 
and variation in fixation procedures have a profound 
impact on cell preservation and cell debris, which is a 
major problem for FC [21]. However, this factor can 
mostly be excluded by interactive IA. This may be the 
main reason for the higher rate of uninterpretable samples 
in FC (22.7%) than in IA (8.3%). A similar ratio of 
uninterpretable histograms was observed in another study 
recently published [6], in which 19 blocks out of 132 
provided insufficient results in FC, whereas by IA suf- 
ficient data (> 300 nuclei measured, CV of the 2c peak 
< 10) were obtained. In other investigations comparing 
FC and IA, different tissue and cell preparations were used 
before cytometric analyses were performed [1]. This may 
be one source of discrepancy. However, in this study the 
nuclear suspension measured by FC and IA was prepared 
according to the same procedure. This study demonstrat- 
ed that IA is not as effective in identifying aneuploid 
stemlines within the near-diploid range (see Fig. 4 as an 
example). Other studies have also found that IA is limited 
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in comparison to FC in its resolution of peaks in close 
proximity to each other [2, 3]. Higher CVs of the peaks in 
IA make it more difficult to differentiate between two 
stemlines with closely overlapping peaks. 

In 63.3 % of the samples that provided insufficient data 
by FC, IA provided sufficient data with no signs of cell 
destruction (Fig. 7, Tab. 1). Cell debris, too few nuclei 
within the sample, formation of cell-cell or cell-debris 
aggregates, and probably cell destruction during the flow 
cytometric procedure are the main reasons for this 
phenomenon, which has also been described in studies of 
other human malignancies [21]. 

One of the main problems with performing DNA flow 
cytometric evaluation of paraffin-embedded tissues is the 
lack of reliable external diploid controls. Since no external 
standard has been shown to consistently define the diploid 
reference value of cells from different blocks, the normal 
cells within a given paraffin section are conventionally 
used as the diploid control [9, 10]. This study confirmed 
that the first peak in all flow cytometric DNA histograms 
was representative of the diploid control nuclei because no 
hypodiploid tumor stemlines were identified by IA. Fur- 
thermore, in FC, the mean channel number (i.e. mean 
fluorescence) of the diploid (normal) cells did not only 
vary between different testis tumors, but also between 
different paraffin blocks of the same tumor. Therefore, in 
IA as in FC, normal diploid cells also have to be measured 
as an internal control for each sample individually. Thus, a 
reference 2c value should not be used as an external 
diploid control for different blocks of the same tumor in 
order to save time during the process of measuring the 
samples. 

FC and IA confirmed the heterogeneity in ploidy 
within the same NSGCT tumor; similar results are found 
in other human solid malignancies [9, 20]. Therefore, 
several samples per tumor should be analyzed to minimize 
the impact of "sampling error" [171. This aspect has to be 
taken into consideration when results obtained by differ- 
ent techniques in different blocks of the same tumor for 
each procedure are compared or when using data obtained 
from only one block are used to develop a prognosis for an 
individual patient. 

DI, percentages of diploid and aneuploid cells, S- and 
G2M + S-phase of the diploid cells and total (cumulative) 
S- and G2M + S-phase showed no correlation with patho- 
logical stage (I, II). Only the percentages of aneuploid cells 
in the S- and the G2M+S-phase  exhibited a strong 
correlation to the lymph node status. Presently, FC is most 
capable of providing this information. This relates to the 
number of cells analyzed in IA and the resulting statistical 
problems. As already mentioned, IA has an important 
statistical disadvantage, owing to the small number of 
nuclei analyzed, compared with FC. On the other hand, 
IA can more readily detect small numbers of nuclei 
containing a large amount  of DNA (5cER) by measuring 
only preselected, morphologically well-defined atypical 
cells. This significant prognostic information cannot be 
obtained by FC. Several factors may be responsible for 
this. Only cells within the gating range of approximately 

1000 channels can be measured by FC at the same time, at 
any given combination of photomultiplier tube voltage 
and gain settings. By this gating procedure a small 
population of cells with a large amount  of DNA might be 
excluded from flow cytometric analysis. They would be 
accumulated off scale and thus excluded from collecting 
"bit maps". The sample would need to be rerun at different 
voltage and gain settings and with different gating criteria 
to detect these cells. This type of  extensive FC analysis is 
not commonly carried out in most clinical laboratories, 
since it is time consuming and technically demanding. 
Furthermore, during the flow cytometric analysis pro- 
cedure the nuclei are exposed to substantial hydrodynamic 
forces, which might have a greater disrupting impact on 
very large tumor cells with a high DNA content than on 
less fragile, smaller, more compact cells with less DNA 
content. In support of this explanation is the observation 
that large cells with a high DNA content are more sensitive 
to centrifugation forces than are smaller cells with less 
DNA content, as recently reported in detail [18]. 

Using the new tumor biological parameters obtained 
by FC and IA as prognostic markers, about 80 % of early 
stage NSGCT patients (Table 3) were correctly classified 
for both pathological stage, as opposed to about 50% of 
cases correctly classified by histological parameters of the 
primary tumor alone [16]. Based on this experience both 
techniques, FC and IA, seem to be promising tools in the 
prediction of occult metastatic disease in low-volume 
NSGCT cancer. 

In conclusion, this study demonstrated a good corre- 
lation between DNA-content measurements made by FC 
and IA in formalin-fixed, paraffin-embedded testicular 
tumor tissues. It is apparent from these data that the 
interactive and selective nature of IA can overcome 
some of the problems encountered in FC analysis of 
paraffin tissues by eliminating cellular debris, which is 
one of the major reasons for uninterpretable histograms 
in FC. Based on this experience in quantitative DNA 
cytometry, a clinico-pathological study in early stage 
NSGCT has been initiated at our institution in order to 
clarify whether the combined use of FC data (S-phase 
estimate), and IA data (5cER) provides any significant 
advantage in prognostic assessment independent of con- 
ventional histopathological parameters, such as lym- 
phatic and venous invasion, yolk sac and embryonal cell 
component. 
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