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Objective. Endometrial cancer is the most common gynecologic malignancy. The cornerstone of treat-
ment remains surgery according to International Federation of Gynecology and Obstetrics staging. The
aim of this study was to evaluate the concordance between myometrial infiltration detected by ultra-
sonography and gross examination with respect to definitive histologic examination and to select a
population in which lymphadenectomy could be excluded. We also evaluated the concordance for the
degree of tumor differentiation between diagnostic biopsy and final histologic results. Methods. Our
study included 75 patients with International Federation of Gynecology and Obstetrics stage | endome-
trial cancer. We evaluated preoperative and definitive grading and myometrial infiltration detected by
ultrasonography and gross examination. The accuracy, sensitivity, specificity, positive predictive value,
and negative predictive value of the procedures under study were determined with the Bayes theorem.
To determine the predictive value of preoperative transvaginal ultrasonography and intraoperative gross
examination for myometrial invasion, we used a multiple logistic regression model with a statistical soft-
ware package. Results. Our study showed 60% concordance between biopsy and histologic results. In
80% of the cases with discordant results, the tumor was undergraded. Ultrasonography had diagnos-
tic accuracy of 73%, whereas gross examination correctly determined myometrial invasion in 82.6% of
the patients, with sensitivity of 62% and specificity of 79%. Conclusions. Preoperative transvaginal
ultrasonography and macroscopic gross examination appear to be simple, fast, and reliable methods to
predict in myometrial invasion in patients with a low risk for lymph node metastasis, for which lym-
phadenectomy can reasonably be avoided. Key words: endometrial cancer; histologic grading; intra-
operative gross examination; myometrial invasion; preoperative transvaginal ultrasonography.
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Even if complete surgical staging should be
recommended routinely in all patients with
endometrial cancer,>* data in the literature sug-
gest that at least in some patients, knowledge of
tumor grading and the depth of myometrial
invasion could help the surgeon in planning sur-
gical treatment, limiting lymphadenectomy only
to patients at high risk for node metastasis.>

Imaging techniques such as ultrasonography;,
computed tomography (CT), and magnetic res-
onance imaging (MRI) have all been used with
different degrees of reliability to evaluate the
depth of myometrial invasion.® A recent review
of the literature showed that MRI is currently
seen as the best method for myometrial assess-
ment.” However, MRI is costly, is not always
widely available, and can induce contrast agent
allergies, whereas ultrasonography is a simple,
low-cost, noninvasive, and reproducible tech-
nique with diagnostic accuracy that varies
between 85% and 95%.

The aim of this study was to retrospectively
evaluate how the grade of myometrial infiltra-
tion detected by transvaginal ultrasonography
(TVUS) and intraoperative gross examination
could be confirmed by definitive histologic
examination to assess how these methods can be
used in clinical practice. We also evaluated the
concordance for the degree of tumor differentia-
tion between diagnostic biopsy and final histo-
logic results. For both preoperative TVUS and
intraoperative gross examination, we calculated
the accuracy, sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value
(NPV) using standard statistical formulas.

Materials and Methods

We retrospectively selected and analyzed a series
of patients with a histologic diagnosis of FIGO
stage I endometrial adenocarcinoma treated at
the Department of Obstetrics and Gynecology of
the University of Parma between January 2001 and
December 2005. We excluded patients who under-
went prior chemotherapy or pelvic radiation ther-
apy and those with tumors of an unfavorable
histologic type (serous-papillary carcinoma, clear
cells, or undifferentiated). The study was approved
by the University of Parma Ethics Committee, and
all patients agreed to publication of this article.

Preoperative grading on endometrial biopsies
and the histologic diagnosis were reevaluated by
a pathologist with experience in gynecologic
oncology. We recorded preoperative grading,
the depth of myometrial invasion on preopera-
tive TVUS, the depth of myometrial invasion on
intraoperative gross examination, and grading
and myometrial invasion on the final histologic
examination. Grading was in accordance with
FIGO guidelines: grade G1, when at least 95% of
the tumor forms glands; grade G2, when 6% to
50% of the tumor shows solid growth; and grade
G3, when more than 50% of the tumor has a solid
growth pattern.

Before surgery, all patients with histologically
proven endometrial cancer underwent clinical
gynecologic examinations, abdominal/pelvic
CT, chest radiography, cancer antigen 125
screening, and TVUS. Transvaginal ultrasonog-
raphy was performed after endometrial biopsy
with a high-resolution 6.5-MHz ultrasound
machine (AU5 Harmonic; Esaote SpA, Genoa,
Italy).The ultrasonographic examinations were
performed by a gynecologist with specific
experience in ultrasonography. Tumor invasion
into the myometrium was determined by mea-
suring the tumor thickness with respect to the
total thickness of the uterine wall (from the
endometrium/myometrium interface down to
the deepest point of infiltration) in a sagittal
plane. The endometrial thickness was mea-
sured to the nearest 0.1 mm at its thickest part.
In addition, the following ultrasonographic
features were recorded: a regular or irregular
endometrium, the endometrial aspect accord-
ing to the phase of the menstrual cycle, and the
presence or absence echogenic spots in the
endometrium/myometrium. According to the
FIGO staging system, the depth of myometrial
invasion was rated as superficial (M1, <50%;
Figure 1) or deep (M2, >50%; Figure 2).

During surgery, as soon as they were surgically
removed, the uterus and adnexa were immedi-
ately sent to the pathologist for intraoperative
gross examination to determine the depth of
myometrial invasion. The examination was per-
formed by making 2 lateral incisions in the
uterus, from the cervix to the cornua, along the
uterine vessels. The uterine cavity was folded
open and inspected. Multiple incisions were
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Figure 1. M1 myometrial invasion with a 6-mm endometrial
thickness (middle segment of dotted line marked by calipers)
and a 24.5-mm anteroposterior diameter (entire length of dot-
ted line).

made in the whole myometrial thickness affect-
ed by the tumor. The depth of invasion was mea-
sured as the deepest point reached by the tumor
inside the myometrial thickness and was rated as
less than 50% (M1) or more than 50% (M2) of the
uterine wall (Figures 3 and 4).

The accuracy, sensitivity, specificity, PPV, and
NPV of the procedures under study were deter-
mined using the Bayes theorem. We used the
Cohen « test to value the agreement of preoper-
ative data versus final grading. To determine the
predictive value of preoperative TVUS and intra-
operative gross examination for myometrial
invasion, we used a multiple logistic regression
model with the SPSS version 11.0 software pack-
age (SPSS Inc, Chicago, IL). With a block method,
we considered microscopic infiltration as an

Figure 2. M2 myometrial invasion with a 30.3-mm endometrial
thickness (D1), a 6.3-mm remaining anterior myometrial thickness
(D2), and a 44.6-mm remaining posterior myometrial thickness (D3).
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Figure 3. M2 myometrial infiltration: macroscopic evaluation.
Arrows indicate the myometrium/cancer interface.

independent variable and the TVUS findings and
myometrial invasion detected by gross examina-
tion as dependent variables.

Results

The study group included 75 patients with FIGO
stage I endometrial carcinoma. Their main
cancer features are reported in Table 1. A histo-
logic diagnosis was made by in-office biopsy
with Vabra aspiration in 30 patients (40%) and by
dilation and curettage (D&C) in 45 (60%). Data
regarding endometrial biopsy grading and final
histologic findings for the 75 patients are shown
inTable 2.

Figure 4. M2 myometrial invasion by endometrial cancer: inva-
sion of the external third of the myometrium.
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Table 1. Patient Cancer Characteristics (N = 75)

Characteristic Value
Age, y, median (range) 63 (47-80)
Menopause, n (%) 71 (95)
Nonmenopause, n (%) 4 (5)
Surgical stage, n (%)

la 4 (5)

b 44 (59)

Ic 27 (36)
Tumor histologic type, n (%)

Endometrioid 73 (97)

Adenosquamous 2(3)
Tumor grade (final), n (%)

G1 17 (23)

G2 44 (59)

G3 14 (18)
Microscopic myometrial invasion, n (%)

>50% 27 (36)

<50% 48 (64)

Preoperative grading resulted in grade G1 in 33
patients, G2 in 34, and G3 in 8. There was concor-
dance of results in 47 (63%) of 75 cases, including
15 G1 (46%), 26 G2 (76%), and 6 G3 (75%). The
highest correspondence between preoperative
grading and final grading was found in the G2
group (76%). In the 28 cases with discordant
results (37%), the grading was underestimated in
24 patients, including 16 with final grading of G2
and 8 with final grading of G3. On the other hand,
the grading was overestimated in 4 patients,
including 2 with final grading of G2 and 2 with
final grading of G1. From a comparison of the two
biopsy techniques used, it appears that in-office
biopsy undergraded cancer lesions in 41% of the
patients, and D&C undergraded in 36%.

The « value was 0.4; the variable k value was
0.04; and the z value was 2, with P < .05 (signif-
icant); therefore, the hypothesis that data were
influenced by the case was not significant
(Table 2).

Table 2. Preoperative Versus Final Grading (N = 75)

Preoperative Grade Final G1, n (%)

Final G2, n (%) Final G3, n (%)

G1:33
G2: 34
G3:8

15 (46) 16 (48) 2 (6)
2 (6) 26 (76) 6 (18)
0 2 (25) 6 (75)

k = 0.4; variable k = 0.04; and z = 2. The value of probability that corre-

sponded to z =

the case.
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2 was P < .05; therefore, events were not dependent on

The depth of myometrial invasion on preoper-
ative TVUS versus final histologic examination is
shown in Table 3. There was concordance of
results in 55 patients (73%), including 42 M1
(76%) and 13 M2 (24%). In the remaining 20
patients (26%), ultrasonography underestimated
the myometrial invasion in 9 cases (12%) and
overestimated it in 11 (15%). The sensitivity of
TVUS in evaluating M2 invasion was 62%, with
specificity of 79%, a PPV of 54%, and an NPV of
82%. The diagnostic accuracy of this procedure
was 73%. Evaluation of myometrial invasion by
ultrasonography was predictive of microscopic
myometrial invasion (P =.001).

Table 4 summarizes data related to intraopera-
tive gross examination versus final histologic
examination. Intraoperative gross examination
correctly graded the depth of myometrial inva-
sion in 62 (82.6%) of 75 cases, including 44 M1
(71%) and 18 M2 (29%). In the remaining 13
cases, lesions were underestimated in 9 (69%)
and overestimated in 4 (30%). The sensitivity and
specificity of the procedure in evaluating the
depth of tumor invasion were 67% and 92%,
respectively, with a PPV of 82% and an NPV of
83%. Diagnostic accuracy was 83% (Table 4). On
the basis of the logistic regression model for
myometrial invasion, the predictive value of
intraoperative gross examination turned out to
be statistically significant (P = .001). Combining
preoperative TVUS with intraoperative gross
examination did not significantly increase the
efficacy of either procedure (P < .1).

Discussion

The surgical staging adopted by FIGO in 1988 for
endometrial cancer recommends abdominal hys-
terectomy with bilateral salpingo-oophorectomy;,
peritoneal cytologic examination, 1- to 2-cm
colpectomy, and systematic pelvic and selective
paraaortic lymphadenectomy. In practice, no
more than 50% of cases are surgically staged for a
variety of reasons: patients are often obese and of
advanced age, with general medical problems. A
further consideration is the awareness that in
selected patients, aggressive surgery might be
unnecessary because of the low risk of tumor
spreading. In addition, lymphadenectomy is not
entirely risk free and may lead to severe complica-
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tions, such as lymphocysts, bleeding, and ureteral
and vascular damage.® Lagasse et al® reported gas-
trointestinal and urogenital complication rates of
1.6% intraoperatively and 2.9% postoperatively
with lumboaortic lymphadenectomy.

A preoperative distinction between patients with
stage Ia-Ib carcinoma and patients with stage Ic

Table 3. Myometrial Invasion: Preoperative TVUS Versus Final
Histologic Results (N = 75)

Ultrasonographic Evaluation
<50% (n = 53) >50% (n = 22)

42 (56) 9(12)
11(15) 13(17)

Histologic Result

<50%, n (%)
>50%, n (%)

Sensitivity, 62%; specificity, 79%; false-negative rate, 12%; false-positive

carcinoma would allow identification of high-risk
patients who might benefit from pelvic lym-
phadenectomy. On this basis, several preoperative
and intraoperative diagnostic procedures were
evaluated to assess how they could eventually be
of help to surgeons in planning adequate surgical
treatment for patients with endometrial cancer.
The degree of differentiation of the tumor is the
most common factor that can be assessed pre-
operatively. Because the incidence rates of pelvic
and aortic lymph node metastases are 4% and
2%, respectively, for G1 and 30% and 17% for
G3,349 patients with G2 and G3 endometrial can-
cer should undergo extensive surgery, whereas in
patients with superficially invasive G1 endome-
trial cancer, lymphadenectomy might be avoid-
ed. The problem is that the degree of tumor
differentiation found on diagnostic biopsy does
not always correspond to that observed on the
final histologic examination. In our study, the
concordance rate between biopsy and histologic
examination results was 63% (47/75 cases).
Concordance rates reported in the literature vary
between 56% and 85%.%!! Oakley and Nabbas'?
reported 28% discordance in grading between
preoperative curettage and the final histologic
examination. In our study, the tumor was under-
estimated in 24 (86%) of the 28 cases with discor-
dant results. In-office biopsy undergraded
lesions in 41% of cases, and D&C biopsy under-
graded in 36%. The results of our study confirm
other literature reports'®!? indicating that, irre-
spective of the procedure used, preoperative
grading is not reliable in predicting final grading
because it frequently underestimates tumor
grades. Nevertheless, in our series of patients, we
observed that tumors graded G3 on preoperative
diagnosis had the same degree of differentiation

rate, 15%; accuracy, 73%; PPV, 54%; and NPV, 82%.

myometrial invasion.® A recent review of the lit-
erature showed that MRI is currently seen as the
most reliable method for myometrial assess-
ment.” However, MRI is costly, is not always
widely available, and is not appropriate for all
patients (eg, those with claustrophobia, obesity,
and contrast agent allergies); therefore, it is diffi-
cult to use MRI as a routine procedure in clinical
practice. However, Yahata et al'® recently report-
ed that the accuracy rates of MRI, TVUS, and
gross examination were similar; MRI showed the
highest sensitivity, whereas TVUS showed the
highest specificity for detection of M2 invasion.

In our study, TVUS had diagnostic accuracy of
73%, failing to detect deep tumor infiltration in
20 (27%) of 75 cases. Although some studies have
shown comparable results,'#'> others!'®'” indi-
cated diagnostic accuracy rates of 84% to 88%. A
possible explanation is that fixity of the uterus,
myomas, or adenomyosis made the ultrasono-
graphic depiction of myometrial invasion less
accurate.

The ultrasonographic examination was per-
formed after endometrial sampling, which can
affect some features of the endometrium; in fact,
all cutoff values for endometrial thickness were
originally validated in patients before biopsy. In
this study ultrasonography was performed at
least 2 or 3 weeks after biopsy. Van den Bosch et
al'® showed that endometrial thickness measure-

Table 4. Myometrial Invasion: Intraoperative Gross Examination

Versus Final Histologic Results (N = 75)

Gross Evaluation

Histologic Result

<50%, n (%)
>50%, n (%)

<50% (n = 53) >50% (n = 22)

44 (83) 4 (18)
9(17) 18 (82)

confirmed on histologic examination in 75% of
cases.

Imaging techniques such as ultrasonography,
CT, and MRI have all been used with different
degrees of reliability to evaluate the depth of

Sensitivity, 67 %; specificity, 92%; false-negative rate, 33%; false-positive
rate, 8%; accuracy, 83%; PPV, 82%; and NPV, 83%.
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ment was altered by Pipelle sampling when
TVUS was performed immediately after biopsy.
For this reason, we performed TVUS 3 weeks
after Pipelle sampling to enable regeneration of
the endometrium.

Some authors'¥2?° showed that the use of spec-
tral Doppler analysis did not contribute to the
prediction of the degree of myometrial invasion
in endometrial cancer, and blood flow indices
did not contribute to the prediction of the stage;
this is the reason why Doppler analysis was not
performed in our study. In our experience,
TVUS is an accurate and highly significant tech-
nique (P = .001) for measuring the depth of
myometrial invasion, being noninvasive, inex-
pensive, and readily available and enabling pre-
operative evaluation.

Several studies have been published in the liter-
ature on the value of intraoperative gross exami-
nation, with mixed results. Some authors!®?!
indicated poor concordance for myometrial inva-
sion between gross examination and final histo-
logic examination, whereas others'??22 reported
a high degree of accuracy for the intraoperative
procedure (>86%). In our study, intraoperative
gross examination performed by the pathologist
was able to accurately evaluate the depth of
tumor invasion in 62 (83%) of 75 patients, with
accuracy of 83%, sensitivity of 67%, specificity of
92%, and PPV and NPV values of 82% and 83%,
respectively. In 9 cases (12%), gross examination
underestimated myometrial invasion; in all of
these patients, the distance between the deepest
point of tumor invasion in the myometrium and
the tunica serosa was 4 mm. A possible explana-
tion is that in the early stages of tumor invasion
into the myometrium, the desmoplastic reaction
may be minimal or absent, resulting in the virtual
impossibility of grossly detecting the tumor. The
possibility of false-negative results should be con-
sidered during intraoperative gross examination,
but in these circumstances, even a frozen section
may also prove inadequate.?! In other words, gross
examination of myometrial invasion substantially
provides results comparable with those of frozen-
section sampling.'

Moreover, this technique is highly feasible and
reliable, and a further consideration is that when
no pathologist is available during surgery or when
time is a limiting factor, gross examination can be

performed accurately by the same experienced
gynecologic cancer surgeon. Our data on myome-
trial invasion confirm that gross examination is a
simple, fast, and, above all, reliable procedure.

In conclusion, we think that patients with
endometrial cancer graded G3 preoperatively
and with no contraindications to surgery should
be treated surgically by laparotomy and lymph
node dissection.?* The same procedure should
be used when patients have gross myometrial
invasion exceeding 50% and also when intraop-
erative gross examination is not possible, unless
frozen-section sampling suggests superficial
tumor infiltration. In patients with G1 and G2
grading at diagnosis and with gross myometrial
invasion of less than 50%, we think that lym-
phadenectomy could reasonably be avoided,
minimizing surgical time and intraoperative and
postoperative complications while ensuring
appropriate clinical treatment of patients.

References

1. Greenlee RT, Murray T, Bolden S, Wingo PA. Cancer statis-
tics, 2000. CA Cancer J Clin 2000; 50:7-33.

2. American Cancer Society. Cancer Facts and Figures.
Atlanta, GA: American Cancer Society; 1997.

3. Creasman WT, Morrow CP, Bundy BN, Homesley HD,
Graham JE, Heller PB. Surgical pathologic spread patterns
of endometrial cancer: a Gynecologic Oncology Group
study. Cancer 1987; 60:2035-2041.

4. Girardi F, Petru E, Heydarfadai M, Haas J, Winter R. Pelvic
lymphadenectomy in the surgical treatment of endometri-
al cancer. Gynecol Oncol 1993; 49:177-180.

5. Carney ME, Lancaster JM, Ford C, Tsodikov A, Wiggins CL.
A population-based study of patterns of care for endome-
trial cancer: who is seen by a gynecologic oncologist and
who is not? Gynecol Oncol 2002; 84:36-42.

6.  Larson DM, Connor GP, Broste SK, Krawisz BR, Johnson
KK. Prognostic significance of gross myometrial invasion
with endometrial cancer. Obstet Gynecol 1996; 88:394—
398.

7. Gordon AN, Fleisher AC, Dudley BS, et al. Preoperative
assessment of myometrial invasion of endometrial adeno-
carcinoma by sonography (US) and magnetic resonance
imaging (MRI). Gynecol Oncol 1989; 34:175-179.

8.  Lewis BV, Stallworthy JA, Cowdell R. Adenocarcinoma of
the body of the uterus. J Obstet Gynaecol Br Commonw
1970; 77:343-348.

9.  lagasse LD, Creasman WT, Shingleton HM, Ford JH,
Blessing JA. Results and complications of operative staging
in cervical cancer: experience of the Gynecologic Oncology
Group. Gynecol Oncol 1980; 9:90-98.

J Ultrasound Med 2008; 27:349-355



20.

21.

22.

23.

Noumoff J, Menzin A, Mikuta J, Lusk EJ, Morgan M, LiVolsi
VA. The ability to evaluate prognostic variables on frozen
section in hysterectomies performed for endometrial carci-
noma. Gynecol Oncol 1991; 42:202-208.

Daniel AG, Peters WA. Accuracy of office and operating
room curettage in the grading of endometrial carcinoma.
Obstet Gynecol 1988; 71:612-614.

Oakley G, Nabbas WA. Endometrial adenocarcinoma: ther-
apeutic impact of preoperative histopathologic examina-
tion endometrial tissue. Eur J Gynaecol Oncol 1989; 10:
255-260.

Yahata T, Aoki K, Tanaka K. Prediction of myometrial inva-
sion in patients with endometrial carcinoma: comparison
of magnetic resonance imaging, transvaginal ultrasonog-
raphy, and gross visual inspection. Eur J Gynaecol Oncol
2007; 3:193-195.

Cagnazzo G, D'Addario V, Martinelli G, Lastilla G. Depth of
myometrial invasion in endometrial cancer: preoperative
assessment by transvaginal ultrasonography and magnetic
resonance imaging. Ultrasound Obstet Gynecol 1992;
2:40-43.

Sawicki W, Spiewankiewicz B, Stelmachoéw J, Cendrowski
K. The value of ultrasonography in preoperative assess-
ment of prognostic factors in endometrial cancer. Eur J
Gynaecol Oncol 2003; 24:293-298.

Széntho A, Szabd |, Csapd ZS, Balega J, Demeter A, Papp
Z. Assessment of myometrial and cervical invasion of
endometrial cancer by transvaginal sonography. Eur J
Gynaecol Oncol 2001; 22:209-212.

Goff BA, Rice LW. Assessment of depth of myometrial inva-
sion in endometrial adenocarcinoma. Gynecol Oncol 1990;
38:46-48.

Van den Bosch T, Van Schoubroeck D, Ameye L, Van Huffel
S, Timmerman D. Ultrasound examination of the
endometrium before and after Pipelle endometrial sam-
pling. Ultrasound Obstet Gynecol 2005; 26:283-286.

De Smet F, De Brabanter J, Van den Bosch T, et al. New
models to predict depth of infiltration in endometrial carci-
noma based on transvaginal sonography. Ultrasound
Obstet Gynecol 2006; 27:664-671.

Epstein E, Valentin L. Rebleeding and endometrial growth
in women with postmenopausal bleeding and endometri-
al thickness <5 mm managed by dilatation and curettage
or ultrasound follow-up: a randomized controlled study.
Ultrasound Obstet Gynecol 2001; 18:499-504.

Homsley HD, Boike G, Spiegels GW. Feasibility of laparo-
scopic management of presumed stage | endometrial car-
cinoma and assessment of accuracy of myoinvasion esti-
mates by frozen section: a Gynecologic Oncology Group
study. Int J Gynecol Cancer 2004; 14:341-347.

Franchi M, Ghezzi F, Melpignano M, et al. Clinical value of
intraoperative gross examination in endometrial cancer.
Gynecol Oncol 2000; 76:357-361.

Altintas A, Cosar E, Vardar MA, Demir C, Tuncer I.
Intraoperative assessment of depth of myometrial invasion

J Ultrasound Med 2008; 27:349-355

24.

Berretta et al

in endometrial carcinoma. Eur J Gynaecol Oncol 1999;
20:329-331.

Hidaka T, Kato K, Yonezawa R, et al. Omission of lym-
phadenectomy is possible for low-risk corpus cancer. Eur J
Surg Oncol 2007; 33:86-90.

355





