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Background: After the menopause decreased concentrations of cestrogen may result in insufficient
maturation of the vaginal epithelium, which can lead to a range of vaginal discomforts. This state of
vaginal atrophy may be treated with oestrogen replacement freatment. Replens®, a non-hormonal alter-
native to oestrogen replacement freatment has been shown to be effective in relieving symptoms related
to vaginal atrophy in previous studies.

Aims: To study the effect of Replens on the maturation of the vaginal epithelium and morphology of the
vaginal cells and to compare the results of a recently developed cytomorphometric method with manual
assessment of the degree of maturation in vaginal smears.

Methods: Vaginal smears from 38 postmencpausal women suffering from symptoms related to vagi-
nal atrophy were analysed manually and by eytomorphometry. The maturation value {MV) and the per-
centages of {paralbasal, intermediate, and superficial cells {maturation index; Ml} were measured by
both methods before and after freatment with Replens. Cytomorphometry also measured mean cellular
area, mean nuclear area, and mean area ratio.

Results: A correlation was shown between the two methods in the assessment of percentages of (para}
basal and intermediate cells and MV. Cytomarphometric data showed a significant increase in mean
cellular area, indicating a positive effect of Replens on the maturation of the vaginal epithelium.
Changes in nuclear area and ratio between nuclear and cellular areas were not significant. Treatment
with Replens did not influence Ml or MV, as assessed by the two methods.

Conclusions: Replens did have an effect on vaginal morphology. The automated procedure may be
useful for the assessment of maturation in vaginal smears and is more sensitive to small [subvisual)

changes.

the ovaries is seen in the perimenopausal vyears,

ultimaiely leading io the menopause. Sympioms of
vaginal atrophy result from a combination of atrophic changes
in the oestrogen dependent cells that line the vagina and a
reduciion in the secretion of cervical mucus, which circulates
in the vaginal lumen.' The administration of exogenous
oestrogens (either systemic or topical} is a common treatment
for symptoms related to vaginal atrophy.” Under the influence
of oesirogens, maturation of the vaginal epithelium is
restored. However, the use of exogenous oesirogens has
several  adverse  effects, and may therefore be
contraindicated.”’ Replens®, a polycarbophil based vaginal
moisturiser, is a non-hormonal alternative 10 oestrogen treat-
ment. A characteristic of this bioadhesive polymer is that it is
walter insoluble, but water swellable. When applied intravagi-
nally it binds to the vaginal epithelium, releasing purified
water to hydrate the underlying cells.* The gel produces a
moist film over the vaginal tissue, which remains atiached to
the epithelial cell surface. The hydration of the epithelium
lubricates the vaginal wall and reduces the incidence of vagi-
nal itching, irritation, and dyspareunia.’ Furthermore, Re-
plens restores the vaginal pH to premenopausal values.”

e gradual decrease in the production of oestrogens from

“Replens®, a polycarbophil based vaginal meisturiser, is
a non-hormonal alternative to cestrogen treatment”

Whereas the clinical effect of Replens has been shown in
multiple clinical studies (VV Ragavan ef a/. Presented at the
international congress on the menopause, Sydney, Ausiralia,
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3-7 November 1996), 7 the effect of Replens on vaginal cytol-
ogy has not yet been studied extensively. In a comparative
study of Replens versus the administration of local oestrogens,
nine of 15 women using Replens for 12 weeks showed reversal
of atrophy in Papanicolaou stained vaginal smears.” In a study
on baboons with decreasing ovarian function, a significant
improvement of histological features was observed in biopsy
specimens of the vaginal epithelium after five days of Replens
use.'In a study treating 25 patients suffering from breast can-
cer with Replens, a significant decrease of atrophic, crowded,
parabasal cells in vaginal smears was found after three
months of treatment {VV Ragavan ¢/ al. Presented at the inter-
national congress on the menopause, Sydney, Australia, 3-7
November 1996). In addition, cells appeared Lo be larger after
treatment with Replens. These data suggest increased
maturation of the vaginal epithelium as a result of Replens. To
our knowledge, no previous study has focused on the effect of
Replens on the morphology of cells in vaginal smears.
Improvement of the maturation of subsequent vaginal
smears may be studied using the maturation index (MI). The
MI expresses the percentages of (para)basal, intermediate,
and superficial cells in a predetermined number of cells in a
smear. Manual assessment of the MI by an experienced cyto-
technologist was found to show limited reproducibility.” A
method using cytomorphometric analysis (CMA) to assess the

Abbrevigtions: CMA, cytomorphometric analysis; H&E, haematoxylin
and eosin; |, intermediate cells; MI, maturation index; MV, maturation
value; P, (paralbasal cells; S, superficial cells
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Table 1
and manual assessment

Comparison between data from automated cytomorphometric analysis

Cytomorphometric analysis versus manual dssessment

Baseline

Post-treatment

Percentage (parajbasal
Carrelation

Linear regression
Percenfage. infermediate
Correlation
Linear.regression
Percentage superficiol
Correlation

Linear regression
Moaturation value
Correlation

Linear regression
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1.71{0:1)/-8.0 (3.6

1.140.2)/22.7 (B1)**

0.03{0.011/-0.2 {0.4)

0:3{0.1)/-0.1{3.9)

0.92% %%
0911{0.1)/-5.9 [4.9)

07 xR R
1.0{0.2)/32.0 (8.8)***

0.41%
0.1 {0.03}/-1.3 {1.0}

0.867 %
0.7 {0.11/9.1 {3.9)*

asferisks.
*p<D08; *p<0.01; ***p<0.001.

Non-paramstric {Spearman] correlation ceefficients-and linear reégression data are shown. Linear regression
results are shown-as slope {SE}/infercept {SE). Intercepts deviating significantly fram O are indicated with

degree of maturation in vaginal smears has been described
previously.” This method showed betier reproducibility than
the classic manual method. Furthermore, when using CMA
additional morphometric parameiers can be obtained, which
may reveal more subtle changes.

A shift in the degree of maturation, expressed in the MI, of
consecutive vaginal smears would be indicative of an oestrogen-
like cytological effect of Replens on the vaginal epithelium. In
our study we chose to evaluate, by both manual assessment and
CMA, the effect of Replens on vaginal cytology in a group of
postmenopausal women with symploms relaled to vaginal
atrophy. Vaginal smears were taken before and after 12 weeks of
treatment, and maturation of the samples was assessed by
manual assessment and CMA. The improvement of vaginal
maturation after 12 weeks, as compared with baseline, was
studied. The aims of our study were: (1} 1o study the effect of
Replens on the maturation of the vaginal epithelium and the
morphology of vaginal cells and {(2) to assess the degree of
maturation of the vaginal epithelium wusing an automated
method compared with a manual method.

MATERIALS AND METHODS

Patient groups

After giving their informed consent, women were included in
our study when one or more symptoms of vaginal atrophy of
moderale or severe nalure were present: vaginal dryness, itch-
ing, irritation (burning), or dyspareunia. The last menstrua-
tion had to be at least one year ago and baseline vaginal
smears had (o show a maturation value lower than 0.6 with
less than 5% superficial cells. Women had to be in good men-
tal and physical health, as demonstrated by physical examina-
ton, including sitting blood pressure, heart rate, and respira-
tory rate. Cancer or any high/low grade precancerous lesions of
the cervix or vagina were ruled out by cytomorphological
cvaluation of cervical and vaginal Papanicolaou siained
smears. Fifty women were enrolled, of whom 38 compieted 12
weeks of (reatment with Replens. The ircatment was
discontinued because of insufficient therapeutic effect
(n = 3), physical complaints possibly rclated to treaiment
(n=4), the use of unacceptable concurrent medication
{n = 1), or reasons not related 1o treatment {n = 4). No seri-
ous adverse evenis related 1o Replens trealmenl were
recorded.

Investigational drug

Replens is a bioadhesive, polycarbophil based vaginal gel,
marketed in numerous countries as a medical product for the
relief of vaginal dryness in postmenopausal women. The

product is packed in single use plastic applicators specifically
designed for vaginal administration. Replens was adminis-
tered three iimes a week over a period of 12 weeks.

Specimen preparation

Samples of the vaginal epithelium were obtained by rotating a
special brush (Vibabrush; Rovers BV, Oss, the Netherlands) in
the middle portion of the vaginal wall. Smears were applied to
a glass slide, fixed with a spray fixative {Pro-Fixx; Lerner
Laboratories, Pitisburgh, USA) and stained by the Papanico-
laou procedure. After preparation of the smear, the brush with
adhering cells was put inlo ethanol-carbowax fixation fluid
and cytospins were subsequently prepared using a Cyio-Tek
centrifuge (Miles Inc, Elkhart, Indiana, USA). The cytospin
device deposits the cell material into a well defined square
arca of the slide, facilitating fully automated measurement.
The specimens were stained using the haematoxylin and eosin
(H&E) procedure.

Avtomated cytometric evaluation

Fully automated measurement of H&E stained cytospins was
performed by means of the Discovery 2.6 Fluorbance system
{Beckton Dickinson Cellular Imaging Systems, Leiden, the
Netherlands),” using a procedure described and evaluated
previously.” In short, cylospins were scanned fully automatically
with a x25 objective {numerical aperture, 0.7) using a motorised
stage and automalic focusing. Microscopic ficlds measuring
550 x 550 por’ were digitised by a Xillix Microlmager 1400
monochromatic CCD camera {Xillix Technologies Corp, Vancou-
ver, Canada; pixel size 6.8 x 6.8 pmy’, 8 bit sampling), resulling in
an effective resolving power of 0.54x 0.54 por’. Images were
acquired using narrow band pass filters suitable for the
recognition of cyloplasm and nuclei of H&E stained cells
{A = 540 nm and A = 580 nm, respectively).

A grey level threshold was applied to the images using fixed
threshold values to detect cyioplasmic and nuclear staining in
the respective images. Objects were detected based on
8-connectedness of thresholded pixels. All objects with area
and contour ralio {1000 x perimeter/{2 x V(x X area}), which
reflecis the roughness of contour of an object) within certain
limits for both cytoplasm and nucleus were considered for
measurement. In our previous siudy, classification results
dropped considerably when clumped cells were included in
the analysis; therefore, in our present study only single lying
cells {that is, cyioplasmic objects encompassing a single
nuclear object) were used. Nuclear objects with area > 50 and
contour ratio < 1300 were considered o be correctly
segmenied nuclei; cytoplasmic objects with area > 850 and
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Figure 1 Comparison between
automated and manual assessment of
baseline values for {A) the percentage
of {parajbasal cells and (B} the
maturation value.
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contour ratio < 1500 were considered to be correctly
segmented cytoplasm. Objects detected in this way were clas-
sified by two discriminant functions, which have been
published previously,” as either junk (that is, non-cellular
object, cellular objects overlapping each other, or poorly
segmented cells) or {para)basal, intermediaie, or superficial
epithelial cells. The recognition of {parajbasal epithelial cells
was based on the ratio between the area of the nucleus and the
area of the cyloplasm. Discrimination between intermediate
and superficial epithelial cells was based on the area of the
nuclteus.’

From these data, the MI and maturation value (MV) were
calculated, applying the procedure described previously.® The
MI consists of the percentages of {para}basal (P), intermedi-
ate (I), and superficial cells {S) in a specimen. The MV also
uses B I, and S to which the following values are assigned:
P=0,1=05andS = 1.0. MV values can range from 0, when
only (para)basal cells are present {atrophic specimens}), to 100
for specimens containing only superficial cells (mature
specimens).” After calculaling the MI and MYV, for all objects
recognised as correcily segmented cells (that is, non-junk
objects) in a specimen, we calculated the mean area of
cytoplasm and nucleus and the mean area ralio {area of the
nucleus divided by the area of the cytoplasm, resulting in
values ranging from 0 to 17).

Classic manual assessment

The maturation of the vaginal epithelium was assessed manu-
ally, in Papanicolaou stained smears, by an experienced cyto-
technologist and cytopathologist. The maturation was ex-
pressed as the MI and MV over 300 cells, as described above.

Autemated analysis

Statistical analysis

All statistics were performed using SPSS for Windows (SPSS
Inc, Chicago, IMlinois, USA). Women for whom less than 100
countable cells were encountiered in any of the manually
evaluated specimens or for whom less than 30 cells were rec-
ognised by the auiomated procedure inn any specimen were
excluded from the respective analysis. Shapiro-Wilks’s test for
normality showed a significant deviation from normality for
several parameters; therefore, the non-parametric Spearman
correlation was used to compare the results from the manual
assessment and CMA. In addition, linear regression analysis
was performed to compare the results from the manual
assessmeni and CMA, using ithe manual assessment as the
dependent variable. The effect of Replens on cytomorphologi-
cal and cylometrical paramelers was studied by paired testing
of post treatment versus baseline values, using the Wilcoxon
signed ranks test.

RESULTS

For CMA, specimens from 10 of the women contained less
than 30 cells suitable for analysis in either the baseline or post
treatment specimen, or in both. Thus, only 28 women could be
included in our analysis. For manual analysis, one specimen
out of 38 contained no cellular material, resulting in 37
women for evaluation. Because of low cell density, in three
specimens only 200 cells and in one specimen 120 cells could
be counted. In all other specimens 300 cells were counted.

Comparing cytomorphometric analysis with manual
assessment

Spearman correlation analysis showed a good and highly sig-
nificant correlation between data from CMA and manual

assessment

Table 2 Data from both automated cyfemorphometric analysis and manual

Cytomorphomeiric analysis [N =:28)

Manual assessment (N = 37)

Baseline Post freatment Baseline Post treatment
Percentage {parafbasal 36.8.{32.5) 34.1{29.5) 35.5 {37.5} 31:0(32.2)
Percentage intermediate 36.9{27.2) 40.5{22:3) 641 {37.2) 68.2 {31.7)
Percentage superficial 26.3 (22.]) 254 {19.4) 0.41{1.2) 0.8{2.7)
Mahiration value AA7 (24,3 45.6722.4) 32.51189) 34.9 [16.5)
Mean cellular ared 3248 {1371) 3586 {1418)*
Mean nuclear drso 335{97.1) 346 {79.7)
Mean area ratio 0.16 {0.08) 0.16.{0.08)

asterisk.

*p<0.05.

The medn and SD values of vaginal smears before {baseline) and ofter 12 weeks of Replens® treatment
{postreatment) are shown:Post ireatment values significantly different from baseline are indicated by an

www.jclinpath.com
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Figure 2 Difference between post treatment and baseline values for (A} the percentage of {paralbasal cells, {B) the maturation value, and (C}

the cellular area. The solid lines indicate the median values over all cases.

assessment for the percentages of (parajbasal and intermedi-
ate cells and the MV {r = 0.79; p < 0.001; table 1; fig 1). For
the percentage of superficial cells, the correlation was only
moderale (r = 0.41; p < 0.03). Linear regression analysis
showed a significant intercept for the percentages of
{parajbasal and intermediate cells before treatment and the
percentage of intermediate cells and the MV after treaument
(lable 1). The slope of the regression line was close o 1 for the
percentages of (para)basal and intermediate cells, whereas for
the percentage of superficial cells the slope was almost 0.

Analysis of the cytological effect of the treatment

Table 2 lists the mean and SD of the baseline and post
treatment values for all the parameters assessed by manual
assessment and CMA. Figure 2 shows the difference between
baseline and post treatment values for the percentage of
{para)basal cells, the MV, and the cellular area. Paired testing
showed a significant increase in mean cellular arca after 12
weeks of Replens treatment {p = 0.04; fig 2C). No significant
effect was found for the percentages of (para)basal, interme-
diate, and superficial cells and for the MV. In addition, the
nuclear area and the ratio between the nuclear and the cellu-
lar area showed no significant effects.

Figure 3 shows examples of microscopical images of H&E
stained cells before and after treatment. Microscopical fields of
view were randomly selected from three patients who showed
an increase in mean cellular area, as assessed by CMA.

DISCUSSION

In our study, the effect of a non-hormonal treatment for post-
menopausal vaginal airophy on vaginal cytology was evalu-
ated. A group of 38 posimenopausal women, suffering from
diverse complaints related to vaginal atrophy, completed 12
weeks of Replens treatment. Data on the clinical effects of
Replens in our study have been described separately (LMT
Beijers-de Bie ¢f al. Presented at the 11th annual meeting of
the North American Menopause Society, 7-9 September 2000,
Orlando, USA). Overall, a positive effect of Replens on atrophy
related complaints was seen This agrees with previous
findings {VV Ragavan ¢/ al. Presented at the international con-
gress on the menopause, Sydney, Australia, 3-7 November
1996).* ' > Whereas the clinical effect of Replens has been
studied extensively, only sparse data regarding the cytological
effect are available. The treatment of postmenopausal atrophy
by oestrogen replacement restores the maturation of the vagi-
nal epithelium to its premenopausal state.” This is expressed
in the MV, which increases from an average value of 40 in
atrophic epithelium to values over 70 after treatment.** "'

“The increase in vaginal maturation observed by other
authors could only partly be confirmed in our study”

In previous studies, a similar increase in the maturation of
the vaginal epithelium was secn afier treatment with Replens.
Increased numbers of intermediate and superficial cells were

www.jclinpath.com
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Figure 3 Randomly selected microscopical images of haematoxylin and eosin stained smears from three women with a pronounced increase
in cellular areq, as assessed by cylomorphomeiric analysis. Patients 1 [A, B}, 2 (C, D}, and 3 {E, F] at baseline (A, C, E} and post freatment (B,

D, F).

observed, even after a single application of Replens, in the
vaginal epithelium of baboons with decreased ovarian
function.* Nachtigall’ reported a reversal of atrophy in 60% of
Papanicolaou stained smears of menopausal women after 12
weeks of treatment with Replens. The most convincing data
were found by Ragavan ef a/ (VV Ragavan ef al. Presented at the
international congress on the menopause, Sydney, Australia,
3-7 November 1996), who described a highly significant
(p < 0.001) decrease of atrophic, crowded, {para)basal cells in

www.iclinpath.com

vaginal smears of atrophic patients with breast cancer, with
cells appearing to be larger after treatment. The use of the
maturation index is recommended for the assessment of the
degree of maturation of the vaginal epithelium in vaginal
smears.” No other studies have assessed MI and MV after
Replens treatment.

In our present study, the cytomorphological changes were
analysed in detail, using both classic manual evaluation and
automated cytomorphometric analysis. The increase in
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vaginal maturation observed by other authors could only
partly be confirmed in our study. The mean cellular area,
assessed by CMA, was significantly increased. This corre-
sponds 1o Ragavan's findings and may be indicative of an
ocstrogen-like effect of Replens on the maturation of the vagi-
nal epithelium. However, the increase in nuclear area seems to
contradict such an effect. Classic manual assessment of matu-
ration in terms of percentages of {para)basal, intermediate,
and superficial epithelial cells did not reveal a cytomorpho-
logical effect of Replens. Manually classifying cells in one of
three classes has limiled accuracy” Moreover, because
malturation of the vaginal epithelium is a continuous process,
this classification is an artificial one. The positive clinical effect
of Replens could not be explained by improvement in MI or
MY, either assessed manually or by the automated procedure.
In contrast Lo this, morphomeiric parameters assessed using
CMA did show such an effect. The increase in cellular area was
found to be significant. This shows that the use of CMA may
reveal subtle differences, not discernible by classic manual
analysis. The need for CMA 1o assess the classic parameters of
MIand MV is doubtful, because morphometric parameters are
available that offer higher precision.

A good correlation exists between data from manual
assessment and CMA, indicating that both meihods assess
comparable information. However, linear regression analysis
revealed a bias for several of the parameters. Manual assess-
ment identified high percentages of intermediate cells and
almost no superficial cells. The automated procedure, in
contrast, also found a substantial number of superficial cells
in many smears. This may be attributed to the subjectivity of
the manual assessment, as has been shown in a previous
study.”

In conclusion, in our study we found a significant effect on
the morphology of epithelial cells in vaginal smears in patients
with symptoms of vaginal atrophy being treated with Replens.
This effect could be detected using automated cytomorpho-
melric analysis. A good correlation was found between
manual and automated assessment of the degree of matura-
tion in vaginal smears, The use of automated cytomorphomet-
ric analysis is recommended for the assessment of treatment
related parameters in smear specimens because it is highly
accurate and because il provides additional information,
which cannot be acquired by manual assessment.
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