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Identification of high risk patients
with endometrial carcinoma.
Prognostic assessment of endometrial cancer.
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Summary

Objectives: To verify the importance of DNA ploidy on clinical outcome in endometrial carcinoma and to investigate whether the
prognostic information obtained by this variable is independent from other clinical-pathologic features.

Materials and methods: Univariate and multivariate analysis of clinical and pathologic prognostic factors obtained from 203 con-
secutive cases of endometrial cancer, that had been surgically treated in our hospital, were performed.

Results: Significant prognostic factors according to the Kaplan-Meier method were age at the time of diagnosis, grade of diffe-
rentiation, peritoneal cytology, node involvement, vascular invasion, myometrial infiltration and ploidy. At multivariate analysis

only DNA ploidy resulted to be an independent variable.

Conclusions: In our analysis DNA content is the only parameter which preserved prognostic significance in multivariate analysis.
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Introduction

Adenocarcinoma of the endometrium is the most
common malignancy of the female genital tract and it is
the fourth cause of death in women after breast, colorec-
tal and lung carcinomas [1].

Endometrial cancer is usually considered to be a rela-
tively curable cancer, with an overall 5-year survival rate
approaching 75-80%. In 80% of cases endometrial cancer
is diagnosed when malignancy is confined to the uterine
fundus with a survival rate of 90-95% [2].

In the last decades, despite the fact that the annual inci-
dence of new cases has remained relatively stable, the
annual number of deaths for endometrial cancer has not
decreased significantly: it seems to be due to the fact that
a moderate percentage of patients with a good prognosis,
contrary to all expectations, relapse or die of disease [3].

An accurate prognostic assessment is required to iden-
tify groups of patients who might benefit from more
aggressive treatment. Stage, histologic type, age at the
time of diagnosis, grade of differentiation, depth of myo-
metrial invasion, peritoneal cytology and lymph node
spread are well-known prognostic indicators for endome-
trial carcinoma, and they are routinely used in the clini-
cal management of this neoplasm. However, none of
these factors allows a very accurate stratification of
patients. Such parameters have also been criticized for
their poor reproducibility. More objective and more accu-
rate prognostic parameters are clearly needed. Many
efforts have been made to identify molecular and genetic
variables of endometrial carcinoma that may be objecti-

Revised manuscript accepted for publication November 3, 2001

Eur. J. Gynaec. Oncol. - 1sSN: 0392-2936
XXIII, n. 3, 2002

vely measured and may facilitate the selection of patients
whose cancer will be cured with hysterectomy only
versus those who will require intensive adjuvant therapy.
To date, one of the most promising techniques for deter-
mining molecular or cellular characteristics of endome-
trial cancer is flow cytometry. Using this technology,
individual cellular characteristics such as DNA content
(ploidy), cell cycle (S-phase fraction) and cell size can be
rapidly and accurately determined using either fresh or
paraffin-embedded tissue.

Different markers were investigated immunohistoche-
mically on endometrial tissues. P53, MIB-1, HER-2/neu
were studied in endometrial cancer and were associated
with the presence of extra uterine disease. These biologi-
cal markers were correlated with recurrence-free survival
and disease-related survival [4].

The objective of our study was to verify the importance
of DNA ploidy on clinical outcome in endometrial carci-
noma and to investigate whether the prognostic informa-
tion obtained by this variable is independent from the
other clinical-pathologic features.

Materials and Methods

Two hundred and three consecutive cases of endometrial car-
cinoma, referred to the Department of Obstetrics and Gyneco-
logy, H. S. Raffaele, University of Milan, were studied.

Diagnosis was performed by D&C. The patients were sub-
mitted to chest X-ray, transvaginal ultrasonography, and abdo-
minal echotomography, TAC or MRI.

All the patients underwent primary surgery: the operation has
been established conforming to the age and clinical condition of
each patient: 23 cases received vaginal hysterectomy; four
patients were treated by laparoscopic-assisted vaginal hysterec-
tomy and bilateral salpingo-oophorectomy; in the other cases
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total abdominal hysterectomy, bilateral salpingo-oophorectomy
with or without pelvic and aortic lymphadenectomy, upon cli-
nical judgement, were performed. Pelvic nodes, which included
external iliac and retrocrural, internal iliac, obturator and
common iliac, were biopsied in 119 subjects; aortic nodes were
removed in seven cases.

Peritoneal washing was effected in all the patients submitted
to laparotomy but in 151 cases only was it possible to perform
cytological examination.

One hundred and twenty-three patients were treated by
surgery alone; 23 received adjuvant chemotherapy, 57 were
submitted to complementary radiotherapy. Radiotherapy was
effected in stage IC, II and III; some patients were randomized
in a large clinical trial comparing chemotherapy (cisplatin,
doxorubicin and cyclophosphamide) versus radiotherapy [5].

Tumor cases considered in this study were in stage I, II, IIIA
and IIIC, according to the FIGO classification.

Special histotypes, such as clear cell carcinomas, papillary
serous carcinomas or undifferentiated carcinomas were excluded.

Histological grading was classified as follows: G1: high
degree of differentiation; G2: medium degree of differentiation;
G3: low degree of differentiation. Vascular invasion and depth
of myometrial invasion were also histologically determined.
Myometrial invasion was graded as follows: MO: carcinoma
confined to the endometrium; M1: tumor involving inner half
of the myometrium; M2: tumor involving outer half or the full
thickness of the myometrium.

Cytofluorimetric analysis:

On the 4 pm-thick sections stained with haematoxylin and
eosin and used for histologic diagnosis, we selected representa-
tive neoplastic areas of the lesion. Then, on the same paraffin
blocks, we incised around them and cut two 40 pwm-thick sec-
tions: the first section contained neoplasia while the second was
composed of normal tissue. If normal tissue was not available,
a normal lymph node obtained from the same patient during
surgery was used as a diploid control. Tissue was treated accor-
ding to Hedley [6] with minor modifications: sections were
placed in 10 ml glass tubes, dew axed and rehydrated with 50%
alcohol and 50% xylene, 100, 95, 70, 50% ethanol in sequence
for 10 minutes each at room temperature, and placed in distil-
led water in a water-bath at 37°C for 1 hour. They were then
placed in 0.5% pepsin in TRIS-HCI pH 1.5 for | hour at 37°C
in a water-bath. After centrifugation at 300 g the specimens
were stained with propidium iodide (5% in Na citrate 0.1%), 15
wl of nonidet p40 (1% in distilled water) and 5 U of ribonu-
clease at room temperature in darkness for 3-4 hours. The cell
suspensions were then filtered through a 70 wm nylon mesh.
The DNA cell content was measured using a FAC Scan analy-
ser (Becton Dickinson. Mountain View, CA); 20,000 events
were counted for each specimen.

Results with a coefficient variation (CV) lower than 8 were
considered valid [7]; if the CV was higher than 8 the procedure
was performed again, starting from the paraffin section. For
each specimen a haematoxylin and eosin smear of the suspen-
sion was performed to evaluate the adequacy of the material in
terms of number, desegregation and preservation of nuclei.

The DNA index was calculated as the ratio between the mode
of the relative DNA content of GO/G1 cells of the sample and
the mode of the relative DNA measurement of the diploid
GO/G1 reference cells [6]. All the cases were divided into aneu-
ploid (one or more abnormal peaks) and diploid groups. Among
the aneuploid groups, cases with 0.8-1.2 DI were considered
neardiploid, while cases with a 4N peak (higher than 20% of
analyzed events) and an 8N peak were considered tetraploid [8].

Statistical analysis:

Overall survival was calculated from the day of operation to
the date of death or last contact.

Survival rates and disease-free survival were determined by
Kaplan-Meier curves [9].

Univariate analysis, according to the Log-rank test, was used
to assess the effect of each prognostic variable on survival.

A multivariate analysis (Cox proportional hazards) was also
performed to identify which of the parameters yield indepen-
dent prognostic information. Age at the time of diagnosis, histo-
logic grading, DNA content, depth of myometrial invasion,
peritoneal cytology, vascular invasion and node involvement
have been compared. Relative risks for each parameter, with the
corresponding confidence interval of 95%, were calculated
using the Cox model [10].

Results
Characteristics of the patients:

Median age was 63.9 (range 27-88 years). Median
follow-up was 41.2 months (range 3-143 months). Final
event, defined according to date of death or last contact,
showed 170 patients still alive and free of disease, three
alive with tumor and 30 dead of disease.

Histological findings:

Twenty-three of 203 (11.3%) patients were in stage 1A,
74 (36.5%) in stage IB, 41 (20.1%) in stage IC; 9 (4.5%)
were in stage ITA and 24 (11.8%) in stage 1IB; 19 cases
(9.4%) were in stage IIIA and 13 (6.4%) in stage IIIC.

Table 1 shows the percentages of survival and death
found between subgroups within each stage.

According to grade of differentiation we observed 35%
of G1, 44.3% of G2 and 20.7% of G3. Myometrial inva-
sion was absent in 23 cases (11.3 %), lower than 50% of
total thickness in 98 patients (48.3%) and higher than
50% in 82 (40.4%).

Distribution of survival and death for each subgroup is
reported in Table 1.

Vascular invasion was observed in 62 histological spe-
cimens (30.5%) with a mortality of 27.5% (Table 1).

Sampling of pelvic and para-aortic lymph nodes was
performed in 119 cases (median number of nodes
removed: 15.5; range: 1 - 40); metastases were found in
13 (11%) patients. Among the 106 patients with negative
nodes we counted eight deaths (7.5%); in presence of
retroperitoneal node metastases the number of deaths
increased to 30.8% (4/13) (Table 1).

Peritoneal cytology was effected in 151 cases: 13 resul-
ted positive for the presence of malign tumoral cells and
138 were negative (Table 1).

Cytofluorimetric analysis of DNA content showed 152
diploid tumors (DI=1) (74.8%); 21 neardiploid tumors
(0.8 < DI < 1.2) (10.4%) and 30 aneuploid tumors (DI <
0.8 or > 1.2) (14.8%). Considering together diploid and
neardiploid tumors we observed 19/173 (10.9%) deaths;
among the aneuploid tumors we counted 11/30 (36.7%)
deaths (Table 1).

Univariate analysis showed a significant relation of
survival with all the variables examined: age at time of
diagnosis (p = 0.0001), stage (p = 0.001), grade of diffe-
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Table 1. — Univariate analysis of prognostic factors.
Alive Dead Total P

Stage 0.001

1A 21 2 23 (11.3%)

1B 70 4 74 (36.5%)

1C 38 3 41 (20.1%)

1A 3 6 9 (4.5%)

1IB 20 4 24 (11.8%)

1A 12 7 19 (9.4%)

1IcC 9 4 13 (6.4%)

Grade 0.003

GI 69 2 71 (35%)

G2 72 18 90 (44.3%)

G3 32 10 42 (20.7%)

M

MO 21 2 23 (11.3%)

Ml 88 10 98 (48.3%)

M2 64 18 82 (40.4%)
Vascular invasion 0.009

Present 45 17 62 (30.5%)

Absent 128 13 141 (69.5%)

Nodes 0.006
Negative 98 8 106 (89%)
Positive 9 4 13 (11%)
Washing 0.005
Negative 121 17 138 (91.4%)
Positive 7 6 13 (8.6%)

Ploidy 0.001
Diploid 135 17 152 (74.8%)

Neardiploid 19 2 21 (10.4%)
Aneuploid 19 11 (14.8%)

rentiation (p = 0.003), peritoneal cytology (p = 0.005),
node involvement (p = 0.006), vascular invasion (p =
0.009), myometrial infiltration (p = 0.019), ploidy (p =
0.001) and relapse of disease (p = 0.0001).

The relation between node involvement and ploidy was
also investigated: ancuploidy was found in 4.1% of the
102 patients with negative lymph nodes; in cases of posi-
tive nodes aneuploidy was observed in 35% of patients
(p = 0.001).

Multivariate analysis was realized comparing the fol-
lowing parameters: age at the time of diagnosis, myome-
trial invasion, peritoneal cytology, node involvement,
grade of differentiation, vascular invasion and ploidy.
Only DNA ploidy resulted to be an independent variable
(p = 0.0129) with a relative risk of 6.712 (Table 2).

Table 2. — Multivariate analysis of prognostic factors.

Prognostic factors Risk ratio 95% confidence limits

Age 1.070 0.997 — 1.148
Peritoneal cytology 0.244 0.048 — 1.233
Lymph nodes 1.655 0.297 - 9.212
Grading 2.422 0.782 — 7.496
Ploidy 6.712 1.497 — 30.095
Myometrial invasion 1.778 0.379 — 8.347
Vascular invasion 1.151 0.245 - 5.398

Discussion

Many clinical and pathological studies have demon-
strated that probability of relapse and death for endome-
trial cancer could be predicted by different histological
parameters as histologic type, grade of differentiation,
vascular invasion, peritoneal cytology and cervical infil-
tration [11, 12].

In this study we analyzed the most commonly used
prognostic factors in the management of endometrial
cancer, such as age at the time of diagnosis, staging,
grade of differentiation, myometrial infiltration, vascular
invasion, peritoneal cytology and node involvement.
Besides these “traditional” parameters we examined
DNA ploidy determined by cytofluorimetric analysis.

In univariate analysis age, staging, grade of differen-
tiation, peritoneal cytology, node involvement, DNA
content, myometrial infiltration and vascular invasion
resulted to be significant. The relative importance of the
prognostic variables considered above cannot be deter-
mined by univariate analysis because most of them could
be inter-related and not independently significant. Many
well-differentiated tumors are only superficially invasive,
while poorly differentiated tumors are frequently deeply
invasive. Creasman et al.[11] observed 87% of Gl
tumors with superficial involvement of the myometrium,
while 58% of G3 tumors showed deep myometrial inva-
sion. In this analysis some important exceptions appea-
red: 7% of G3 tumors were confined to the endometrium,
while 10% of G1 lesions showed deep myometrial infil-
tration. Mangioni ef al. [12] reached the same conclusion:
in 1,055 patients affected by endometrial carcinoma, well
differentiated tumors (G1) more frequently showed
absence of myometrial invasion (16%) or involvement of
the internal third of the myometrium (54%). On the con-
trary undifferentiated tumors (G3) were associated in
62% of cases to involvement of the external third of the
myometrium. Sometimes it is impossible to establish if
the biological behavior of the tumor is determined by
myometrial invasion or histologic grade or both parame-
ters. To identify the independent variables we used mul-
tivariate analysis which allows the creation of prognostic
models based on the determination of relative risk for
each parameter to predict the probability of relapse or
death from disease. The importance of defining new
prognostic models for endometrial cancer is due to the
great diffusion of the disease and, above all, to the pre-
sence of a moderate percentage of patients with a good
prognosis that, contrary to all expectations, relapse or die
from disease.

In multivariate analysis DNA ploidy was the only inde-
pendent variable. Histologic grading, age at time of diag-
nosis, node involvement, myometrial infiltration, vascu-
lar invasion and peritoneal cytology were not significant.

Age at the time of diagnosis is considered as an impor-
tant prognostic factor in many studies; Lindhal ef al. [13]
observed 5% of mortality for patients 40-49 years old,
3% for 50-59, 15% for 60-69 and 25% for patients older
than 70 years (p = 0.01). In our analysis the median age
was 65 years. The median age in living patients was 61.6;
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in deceased patients it was 75. In multivariate analysis
age lost its significance (p = 0.058). This result is similar
to that of Susini et al. [14] and in contrast to the study of
Abeler and Kjorstad [15]. Discordance of data in the lite-
rature can have a double meaning: age at the time of dia-
gnosis could be related to a tendency in developing well-
differentiated tumors in young women with minor
myometrial infiltration; on the other hand this variable
should be included among operative risk factors. Thus it
is possible to argue that the more unfavorable prognosis
observed in older patients is due to inadequate staging
related to difficulties of effecting a more radical surgery.

Staging is considered by many authors [15, 16] as the
most significant prognostic factor in endometrial cancer.
The importance of correct surgical staging has frequently
been discussed in the last decade. In our study all the
patients underwent primary surgery: 23 cases were sub-
mitted to vaginal hysterectomy; four patients underwent
laparo-assisted vaginal hysterectomy with bilateral sal-
pingo-oophorectomy; in the other cases abdominal hyste-
rectomy and bilateral salpingo-oophorectomy with or
without pelvic and aortic lymphadenectomy were perfor-
med. Pelvic lymph nodes, including the external iliac and
retrocrural, internal iliac, obturator and common iliac,
were biopsed in 119 cases (median number of lymph
nodes removed: 15; range: 1-40); aortic nodes were
biopsed in seven cases. In our analysis lymph node status
was significatively correlated to survival, in accordance
with the literature which shows survival rates of 30-50%
for pelvic and of 20-40% for aortic nodes. Despite these
results the usefulness of lymphadenectomy in the mana-
gement of endometrial carcinoma is still discussed. Many
authors [12, 17] have underlined the need of utilizing
extensive surgical staging, above all in the apparently
stage I carcinomas of the endometrium. In Mangioni et
als’. analysis [12] of 1,055 patients affected by endome-
trial cancer, clinical staging in 1971, contrary to surgical
stagingin 1988, resulted to be inadequate in 16% of the
cases. In patients in which tumor was confined to the
uterus the frequency of retroperitoneal nodal metastasis
was 4%, while in cases of extrauterine diffusion this per-
centage reached 17%. Retroperitoneal lymph node status
and its eventual correlation to other prognostic factors
has caught the attention of clinicians for many years. Fre-
quency of pelvic and aortic lymph node metastasis is
about 4% and 2%, respectively, for Gl tumors and about
30% and 17% for G3; the probability of node involve-
ment is 1% if myometrial invasion is absent and 32% for
pelvic and 16% for aortic nodes if myometrial infiltration
is higher than 50%. Myometrial invasion seems to be
more strictly connected to lymph node metastasis than
grade of differentiation, as demonstrated in Creasman et
als’. analysis [11]. Recently a Japanese analysis [18] of
684 patients affected by adenocarcinoma of the endome-
trium stage I (all patients had undergone pelvic lympha-
denectomy) demonstrated that of 100 cases of tumor con-
fined to the endometrium, four (4%) showed positive
nodes and the histological grade was well differentiated.
It is impossible to exclude node involvement even if
myometrial invasion and histological differentiation are
favorable. Pelvic lymphadenectomy is therefore recom-

mended in all the cases of endometrial cancer except for
the presence of operative risks such as advanced age,
obesity, diabetes, hypertension, cardiopathies and other
diseases.

In our study we also examined the correlation between
node involvement and ploidy: of the 13 cases with posi-
tive lymph nodes nine (69.2%) presented aneuploid
tumors. Other authors [19] reported similar results, obser-
ving a higher frequency of aneuploid tumors in patients
with positive nodes. Of the 76 patients considered, 66 had
negative lymph nodes. In this group the percentage of
aneuploid tumors was 18%; when nodes were involved
(10/76) frequency of aneuploidy was 60% (p < 0.01).
These results are very important because DNA content can
be determined before surgery from biopsies. The finding
of a condition of aneuploidy could be useful for clinicians
to effect a more radical surgery which would include
systematic retroperitoneal lymphadenectomy [20].

The DNA content of tumor cells has been found to be
a significant indicator of prognosis for many kinds of
cancer, including ovarian cancer [21-23]. Studies on
endometrial carcinoma have shown that DNA content
correlates with tumor grade and clinical outcome [24-29]
and it has been reported to be an independent prognostic
factor [24, 28].

Moberger et al. [26], in a retrospective study with eight
years follow-up, showed that 88% of deceased patients
had aneuploid tumors, whereas living patients had aneu-
ploid tumors in 24% of cases. In multivariate analysis
ploidy resulted to be an independent prognostic factor.

Britton er al. [30] analyzed paraffin-embedded tissue
from 203 cases of endometrial cancer stage I and obser-
ved 16% of aneuploid tumors representing 50% of rela-
pses which occurred during the follow-up period. In mul-
tivariate analysis a comparison among histologic type,
grade of differentiation and DNA ploidy, only DNA
content and histologic type were demonstrated to be inde-
pendent variables.

Newbury et al. [31] showed a correlation between
aneuploidy, adverse histologic type, high grade and depth
of myometrial invasion: a DNA index greater than 1.5
strongly predicted death from disease.

Ikeda er al. [19] and Melchiorri et al. [32] found DNA
ploidy to be an independent variable characterized by the
strongest prognostic significance.

During the last decade efforts have focused on attemp-
ting to identify cytokinetic or molecular variables that
correlate with the malignant potential of endometrial
cancer. Specifically, the expression of oncogenes and
tumor suppressor genes (HER-2/neu oncogene, bcl-2
protein and p53 tumor suppressor gene) and the indica-
tors of cell proliferation (S-phase fraction, MIB-1 proli-
feration marker and proliferating cell nuclear antigen -
PCNA) have been evaluated [33]. Most of these parame-
ters are still in process of evaluation and they are not cli-
nically applicable yet. DNA ploidy, on the contrary, is an
objective and reproducible prognostic factor, easy to
determine and inexpensive. In our opinion DNA ploidy
should be introduced routinely in the clinical manage-
ment of this neoplasm.
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Conclusions

Traditional prognostic factors currently available in
preoperative endometrial biopsies are histologic grade
and histologic type. Prognostic value derivable from the
assessment of these elements is recognizably limited,
while the subjective nature of their analysis prompts
concern about reproducibility.

In our analysis DNA content was the only parameter
which preserved prognostic significance in multivariate
analysis.

Ploidy is a quantitative parameter and it could provide
more objective and reproducible information than other
prognostic factors like histologic grade.

Ploidy can be determined preoperatively on bioptical
materials; thus it would be possible to establish preventi-
vely the type and extension of the surgical procedure.

After primary surgery DNA content could be used for
selecting patients to submit to adjuvant therapy. The eva-
luation of ploidy may enable clinicians to stratify endo-
metrial cancer patients into low and high-risk groups
before starting definitive therapy.
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