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Abstract-Now-@ometric DNLI analysis and extended histopathologic grading were performed 
in specimen5 from 126 patients ulith squamous cell carcinoma of the uterine cervix Jtage Ib. 
Archioal material u*as used,for the measurements and the ploidy level zc’as analysed according to 
the method described by Hedlq with some mod$cations. The histopathologic grading was ba.red 
on eight aNell-d$ned parameters all scored l-3. The result5 showed that the ploidy level held 
Jign$cant prognostic information about the 10 year survival according to a division of Dh,l 

indices above and belozc 1 ..i. Further prognostic information appeared from a combination of 
I),VA index and histopathologic score Llalue. The combination held its propastir importance in 
subCqroupc of patient.< relith difJ kent tumour sizes. It is roncluded that flozl,-cytometrir anabJis 
and histopathologic grading can ident~yy subsets of patients who need more aggressirse treatment. 

INTRODUCTION 
EARLY cervical carcinoma has a rclativcly favour- 
able prognosis. The j-year survival is in the order 
of 90% in most materials. Both surgrry and radio- 
therapy can be applied in the treatment, alone or in 
combination. The curt rate appears to bc largely 
indcpcndcnt of treatment type when proper sclcc- 
tion of patients for surgery is applied. The prognosis 
is more related to the tumour size, patients with 
small tumours having the best chance of cure irrcs- 
pcctivc of trcatmcnt. The occurrcncc of lymph node 
mctastascs is also of prognostic importance, but 
can only bc properly cvaluatcd by operation. NW 
paramctrrs which can bc used in the primary cxam- 
ination of the patirnts arc needed to identify sub- 
groups of patients with good or poor prognosis in 
ordrr to ofI& the latter group a more aggrcssivc 
trckatmcnt. 

‘I‘hc DNA content of‘thc tumour cells as analyscd 
by- flow cytometry appears to be a prognostic factor 
in a number of diffcrcnt malignant tumours [l, 21. 
In previous studirs WC have shown that this also 
applies to cancrr of the cervix [3]. The histopatho- 
logic. diffixrcntiation also holds prognostic infor- 
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mation [4] but ploidy level and histopathologic 
grade arc indcpcndcnt prognostic paramctcrs 151. 
Howcvcr, thrsc investigations included patients 
with different stages all trcatcd with radiotherapy. 
Th c prcscnt study was undertaken to cxplorc the 
prognostic importance of plaid) I~vrl and histo- 
pathologic difl’crcntiation in early cc~rvical carci- 
noma trcatcd with surgery. 

MATERIALS AND METHODS 
The patient material includrd 126 patients with 

squamous ccl1 carcinoma of the cervix uteri. All 
patients wcrr classified as stage Ib according to 
FIG0 criteria. The tumour size in its largest dimcn- 
sion was cstimatcd at the gynaccological cxamin- 
ation under narcosis in 118 patirnts. Sixt),-six pati- 
cnts had tumours <2 cm. The tumour sizr was 
2-5 cm in 45 patients and rxcrcdcd 3 cm in SC\WI 
patients. Subsequently, all patients undrrcvcnt 
cxtcndcd hystcrcctomy and careful lymph node 
dissection [6]. In the post-opcrativc period an active 
rcgimrn with early mobilization an d rc*spirator) 
cxrrcisc was applied. 

Histopathologic grading 
The spccimcns for histopathologic grading and 

flow-cytometric analysis wcrc cut from the formalin- 
fixed uterus. A 5 km section was cut fi)r histopatho- 
logic grading followed by two 30 km sections for 
flow-cytometric analysis and another 5 pm section 
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Fig, 1. Distribution of‘ DNA indim in 126 patients with cmiral carcinoma rtage Ib. 

for histopathology. This procedure cnsurcd compar- peaks in the DNA histogram with the first peak 
able specimens for grading and flow cytometry. normalized to 1.0. In most cases the coefficient of 
The grading was performed on routine-prepared variation (cv) was 3-4% and a few cases with a 
sections stained with hacmatoxylin-eosin. cv > 6% were excluded. 

The grading system used has been described in 
detail elsewhere [4]. In short, the system is based on 
eight different parameters (1: structure, 2: diffcrcnt 
cell types, 3: nuclear polymorphism, 4: mitosis, 5: 
mode of invasion, 6: stage of invasion, 7: vascular 
invasion, 8: cellular response). All parameters wcrc 
scored semiquantitatively 1-3. The maximum score 
value (MGS index) was thus 24 and the minimal 
MGS index 8. According to our previous invcsti- 
gations, the tumours were divided into two groups 
with MGS index < 14 and > 14. 

Statistics 
The survival analyses were performed by use of 

the BMDP program implemented on a Cyber 600 
computer at the regional EDP centrc at the Aarhus 
University. The survival curves were calculated as 
Kaplan-Meir plots and analyscd for diffcrenccs by 
use of the log-rank test. 

Flow cytometry 
The specimens were prepared for flow-cytometric 

analysis according to the method first described by 
Hedley et al. [7] with some modifications. The 
sections were dewaxcd, rehydratcd and trcatcd with 
0.5% pepsin as described in the original method, 
but the staining was accomplished in a hypotonic 
solution containing Nonidct P-40 0.03%, RNasc 
0.001% and ethidium bromide 0.001% as described 
previously [8]. The staining time was 20-24 h. In 
our hands this procedure resulted in DNA histo- 
grams with a somewhat higher resolution than the 
original staining with DAPI. The flow cytomctcr 
was the microscope-based instrument described by 
Lindmo and Steen [9] built in our own laboratory 
[lo]. The first peak in the DNA histogram was 
considered to represent normal cells and diploid 
tumour cells in the G,,, phase. The histopathologic 
examination ensured that lymphocytes and other 
stroma cells were represented in the sections adjac- 
ent to the specimens used for flow cytometry. The 
DNA index (DI) of a cell population was calculated 
from the ratio between the first peak and other 

RESULTS 
The frequency distribution of DNA indices is 

shown in Fig 1. The tumours clearly fall into two 
groups with a DI above and below 1.5. The group 
with a low DI appears well-dcfincd, whereas the 
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group with a high DI is rather hctcrogcncous and 
scatters ovrcr a wide range. 

Figure 2 shows the survival according to ploidy 
lcvcl. The patients wcrc divided into two groups 
according to thcdistribution oftumour DNA indicts 
suggcstcd by Fig. I. The significant diffcrcncc 
brtwrrn the Kaplan-hlcir plots cannot bc 
cxplaincd by diffcrcncc of age in the two groups. 
The median agr was 47 and 43, rcspcctivcly. 

Further prognostic information appeared by com- 
bining thr ploidy lrvcl and MGS index as shown in 
Fig. 3. In the group ofpaticnts (67) with a DI d 1.5 
and a hlGS c 14. only three patients died com- 
pared with 13 in the group (59 patients) with 
a DI > 1.5 or a hlGI > 14. Conscqucntly, the 
cumulative survival at 10 years was 95% and 69%) 
rcspcctivcly. 

The prognostic diflkrcnce might be attributed to 
a difkrr*nt distribution of tumours of different sizes 
in the two groups. Further analysis of diffcrcnt 
subgroups, however, discounted this possibility. 
Figure 4 shows the survival ofpaticnts with tumours 
< 2 cm.Thc division according to DI and MGS 
used above still holds considerable prognostic infor- 
mation although marginally significant. Analysis of 
patients with tumour size 2-5 cm shown in Fig. 5 
confirmed the results. The worse prognosis was 
found in patients with a high DI or a high MGS 
index. 

DISCUSSION 
The clinical application of flow-cytometric DlVA 

analysis is still a matter of dcbatc. Thr modern 
technique with internal standardization has pro- 
vided reliabk measurcmcnts [ 111 and the method 

8 0.50 
t 

g. 

Y 0.25 
Y 

t o.oot ( , , , , , , , ( , _ 
0 12 3 4 5 5 7 8 9 10 

dcscribcd by Hcdlcy e/ al. has opcncd the possibility 
of utilizing archival material. Howcvcr, the litcra- 
turc on the prognostic implication of ploidy lcvcl 
describes diverging and to some cxtcnt contradic- 
tory results. The division into diploid vs. anruploid 
tumours used in many stud& is probably, not the 
best one. Thus, considerable deviations may still 
bc concealed in the genetic material of tumours 
assigned diploid even by high resolution flow cyto- 
metricanalysis. Consequently, diploid tumours can- 
not in advance be considcrcd less malignant than 
ancuploid tumours. Other authors have divided 
tumours into cuploid and aneuploid catcgorics and 
claimed a better prognosis for the cuploid group 
[ 12, 131. This division may also bc criticizrd as c.g. 
tumours with a tctraploid DNA content arc not 
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necessarily tctraploid from a genetic point of view. 
The frequency distribution of DNA indices is bi- 
modal in most tumour types with a group oftumours 
in the diploid and near-diploid region and another 
group in the hypertriploid arca. This distribution 
may be accounted for by assuming that tumour 
development is conditional upon a range ofdiffcrcnt 
mechanisms. Tumours with a near-diploid DNA 
content may arise by a gain of chromosomes, c.g. 
non-disjunction, whereas the hypertriploid DNA 
content may be cxplaincd by tetraploidization and 
subsequent loss of chromosomes. This hypothesis 
could explain the relatively small number of 
tumours with triploid DNA content found in most 
studies, and it might also support the assumption 
that the two groups have diffcrcnt prognosis. The 
non-traditional division of DNA indicts used in the 
present study speaks in favour of this theory and is 
in agreement with our previous results on cervical 
carcinoma. The division has also been used in a few 
other studies [ 14, 151. 

Flow-cytometric DNA analysis is probably useful 
as a prognostic parameter, but it should be com- 
bined with other independent paramctcrs to allow 
a more accurate prognostication. The extended 
grading system appears to increase the prognostic 

information and its independency of ploidy level 
has been proved in earlier studies [5]. Furthermore, 
the combination of DNA index and histopathologic 
score value holds its prognostic value in subgroups 
of patients with different tumour sizes, underlining 
the fact that these parameters do not mcrcly reflect 
the extension of the tumour. 

Ideally, any patient material used for assessment 
of new prognostic parameters ought to be strictly 
homogeneous with regard to all other prognostic 

parameters including treatment, but in practice, 
uncertainty about some prognostic factors prevails 
in practically all cancer patients. The prcscnt study 
included patients with the same FIG0 stage which 
is a major prognostic factor in cervical carcinoma. 
It also comprised only one histopathological type 
and all patients underwent the same trcatmcnt. 

The present work confirms our previous results 
in patients treated with radiotherapy. It shows that 
even if patients with early cervical carcinoma as a 
group can be considered to have a good prognosis 
when treated by surgery a subgroup can be identi- 
fied that has a rather poor survival (tumour size 
> 2 cm, DI > 1.5 or MGI > 14). It seems rcason- 
able to suggest that these patients should be offered 
a more aggressive trcatmcnt. 
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