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Low podoplanin expression In pretreatment
biopsy material predicts poor prognosis in
advanced-stage squamous cell carcinoma of
the uterine cervix treated by primary radiation
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Lymphatic invasion and nodal metastasis are predictors of poor outcome in cervix carcinoma. We have recently
found that low podoplanin immunoreactivity in cervix carcinoma correlated with the presence of lymphatic
invasion and nodal metastasis. In the current study, we examined whether podoplanin expression in
pretreatment cervical biopsies can predict the presence lymphatic invasion, nodal metastasis, and outcome
in advanced-stage tumors treated by nonsurgical means. Podoplanin expression was analyzed by immuno-
histochemistry in 48 cervical biopsies and corresponding hysterectomy specimens of early-stage invasive
squamous cell carcinoma and in 74 pretreatment biopsies from advanced-stage tumors treated with primary
radiation. We found a highly significant correlation between podoplanin expression obtained in biopsy and
corresponding hysterectomy materials (r=0.8962, P<0.0001). Low podoplanin expression showed a significant
correlation with lymphatic invasion (P<0.0001) and nodal metastasis (P=0.0058). Low podoplanin expression
in pretreatment biopsy material showed a significant correlation with poor disease-free (P=0.0009) and overall
(P=0.0002) survival in advanced-stage tumors. Our results suggest that in advanced-stage cervix carcinomas
treated by radiation, when traditional prognostic indicators are not available and treatment decisions are based
on biopsy material and clinical staging parameters, examination of podoplanin expression in pretreatment
biopsy material may be a useful marker to predict lymphatic metastasis and patient outcome. Prospective
studies involving larger numbers of patients are needed to further evaluate the clinical utility of examination

of podoplanin expression in patients with cervix carcinoma.
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In most solid tumors, including cervical cancer, the
spread of cancer cells via the lymphatics to regional
lymph nodes is an important early event in meta-
static disease.”” Nodal metastasis is a key factor in
the staging of human cancers, an important prog-
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nostic indicator, and necessitates the treatment of
regional lymph nodes by surgery and radiation.?
Indeed, lymphatic invasion and nodal metastasis
have been found to be predictors of shorter disease-
free and overall survival in carcinoma of the uterine
cervix.*® Patients with locally advanced disease
(stages IIB-IV), however, are treated primarily with
radiation and radiosensitizing chemotherapy to the
primary tumor and the pelvic lymph nodes after
biopsy confirmation of the diagnosis. Although this
approach can control disease in the pelvis, micro-
scopic spread to areas outside of the pelvis, such as
the para-aortic nodes, are not included in pelvic
radiation fields. Thus, extended-field radiation is
typically administered to patients with documented



para-aortic node involvement. While radiographic
staging of para-aortic nodes is considered accepta-
ble, although with a lower sensitivity and specifi-
city, such documentation often requires separate
surgical staging, typically via extraperitoneal or
laparoscopic lymph node dissection. Aside from
extra cost and patient morbidity, some investigators
have reported significantly worse disease-free and
overall survival among patients surgically staged
compared to those clinically staged.” Extended-field
radiation itself incurs a high rate of intestinal
morbidity®® and prophylactic treatment of the
para-aortic region has not been conclusively shown
to provide any survival benefit.'>"" Unfortunately, in
patients with unresectable disease, cervical biopsy
material alone does not provide reliable histopatho-
logic features to predict the presence of lymphatic
invasion, nodal metastasis, or patient outcome to
guide in therapy.

The recently developed monoclonal antibody
D2-40 detects a fixation-resistant epitope on podo-
planin.*®*® It was shown to be a selective marker for
lymphatic endothelium allowing the specific iden-
tification of lymphatic vessels and the study of
lymphatic vessel density in solid tumors."*™'” We
have recently found that cells of cervical squamous
cell carcinomas also express podoplanin and char-
acterized the D2-40 immunostaining pattern in a
series of tumors treated by radical surgery.’® We
found a highly significant correlation between the
level of podoplanin expression and the presence
of lymphatic invasion, nodal metastasis, and poor
outcome in this cohort of patients with early-stage
tumors.'® However, it was not clear whether podo-
planin expression detected in small tumor tissue
from cervical biopsies could be used to predict
lymphatic invasion in the main tumor mass and
nodal metastasis, which are usually better evaluated
in hysterectomy specimens with lymph node
staging biopsies. Similarly, it remained unclear
whether examination of podoplanin expression in
pretreatment biopsy materials obtained from ad-
vanced-stage tumors treated by nonsurgical means
could be used as a prognostic and/or predictive
marker in such cases.

The current study was designed to examine
whether the level of podoplanin expression using
D2-40 immunohistochemistry in limited cervical
biopsy material is reflective of the immunoreactivity
of the main tumor mass, and whether it can
be a useful marker to predict the presence of
nodal metastasis, lymphatic invasion, and clinical
outcome in advanced-stage cases treated with non-
surgical methods.

Materials and methods

In order to determine whether podoplanin immuno-
reactivity in biopsy material corresponds to the
expression pattern of the entire tumor mass and can
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predict the presence of lymphatic invasion and
metastasis to regional lymph nodes, we identified 48
cases of invasive squamous cell carcinomas of the
cervix (Series A) in the Surgical Pathology files of
the University of Pennsylvania Medical Center.
In all 48 cases adequate biopsy and corresponding
hysterectomy specimens were available for the
study. To determine whether podoplanin expression
in pretreatment biopsy material can be used as a
prognostic and/or predictive marker in advanced-
stage tumors treated by nonsurgical methods, 74
additional pretreatment biopsy samples of invasive
squamous cell carcinoma treated by radiation
(Series B) were selected. Hematoxylin and eosin-
stained slides of all cases were reviewed and the
diagnoses confirmed. All available sections of the
biopsy and hysterectomy materials were examined
for the presence of lymphatic invasion. Staging was
defined according to the International Federation
of Obstetrics and Gynecology (FIGO) clinical staging
system."® Tumor grade was determined according to
established criteria.*®

The clinicopathologic features of the tumors
included in both Series are summarized in Table 1.
For Series A, pelvic/para-aortic lymph node dissec-
tion was performed in all cases; the mean and
median number of lymph nodes per case examined
was 25.9 and 24.0, respectively (range 6—82). Lymph
node metastasis was present in 19 (40%) cases; the
mean and median number of positive lymph nodes
was 2.5 and 2.0, respectively (range 1-7). Primary
treatment was surgical in all cases; 23 patients
received adjuvant treatment consisting of radiation
in 16, and combination radiation and chemotherapy
in seven cases, respectively.

For Series B, pelvic/para-aortic lymph node
dissection was performed in 22 (30%) cases; the
mean and median number of lymph nodes per case
examined was 8.0 and 7.0, respectively (range 1-26).
Lymph node metastasis was present in 10 cases; the
mean and median number of positive lymph nodes
was 2.1 and 1.0, respectively (range 1-7). Patients
were treated between May 1987 and May 2000. Of
the 74 patients treated with definitive radiation, 70
received pelvic radiation, with or without para-
aortic extended fields, to a median dose of 3960 cGy
(range 3060—6480 cGy). Implants were performed in
68 patients, as follows: tandem and ovoid intra-
cavitary implant with Cesium-137 isotopes in 59
patients; Syed interstitial implants using Iridium-
192 isotopes in five patients; tandem and cylinder in
two patients; a combination of a tandem and ovoid
and a Syed interstitial or a tandem and cylinder
in one patient each, respectively. One patient had
brachytherapy alone to a point A dose of 6888 cGy.
One patient had pelvic radiation alone to a dose of
6840 cGy. Data describing radiation treatment were
not available for three patients. For patients treated
with pelvic radiation followed by tandem and ovoid
intracavitary implants, the combined median dose
to the pelvis and point A average was 8111cGy
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Table 1 Summary of clinicopathologic features

Series B (n= 74),
cases treated by

Series A (n=48), cases
treated by radical

hysterectomy radiation

Age

Median 45 52.5

Mean 46.1 54.8
Tumor size (cm)

Median 3.4 6.0

Mean 3.5 5.6
Depth of invasion
(mm)

Median 10.0 N/A

Mean 16.1 N/A
Lymphatic invasion

Absent 15 N/A

Present 33 16

Unknown?® 0 56
Nodal metastasis

Absent 29 12

Present 19 10

Unknown® 0 52
FIGO stage

1A 7 0

1B 34° 20

IIA 7 2

1IB 0 30

IIA 0 6

111B 0 12

IVA 0 2

IVB 0 2
Tumor grade

Low 3 0

Intermediate 21 33

High 24 41

%In Series B, where only biopsy samples were available for review,
cases were considered positive for lymphatic invasion if tumor cells
within lymphatic spaces were seen on the biopsy samples; otherwise,
lymphatic invasion status was considered unknown in these cases.

In series B, pelvic and/or para-aortic lymph node dissection was
performed in 22 cases.

®Six of these patients had microscopic invasion of parametrial tissue
by tumor.

(range 7500-9500cGy). For patients treated with
pelvic radiation and a Syed interstitial implant, the
median combined dose to the pelvis and prescrip-
tion isodose was 7518 cGy (range 7040—-9020 cGy).
The doses to the remaining four patients with other
types of implants were also within this combined
dose range (7495—9540 cGy). Concurrent radiosensi-
tizing chemotherapy was given in 26 patients,
consisting of bolus 5-fluorouracil and cisplatin in
nine patients and weekly cisplatin in 17 patients.
Two patients received sequential chemotherapy.
Follow-up of patients was performed on the basis of
information reported in the clinical histories. We
considered as uncensored records of patients who
died of disease; we considered as censored records of
all patients who were alive at follow-up or patients
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who died of a cause not related to the disease.
Study protocols were approved by the University
of Pennsylvania Institutional Review Board.

Immunohistochemical assays were performed on
formalin-fixed paraffin-embedded sections. Sections
(5 um thick) were cut and deparaffinized in xylene
and rehydrated in graded alcohols. Slides were
boiled in 1 x EDTA buffer (LabVision, Fremont, CA,
USA) for 20min. Endogenous peroxidase activity
was blocked by 3% hydrogen peroxide in methanol
for 20 min. Slides were incubated with the D2-40
monoclonal antibody (1:25 dilution, Signet Labora-
tories, Dedham, MA, USA) for 1h at room tempera-
ture. Inmmunohistochemical staining was performed
on a DAKOCytomation Autostainer using the
EnVision + HRP DAB system (DAKOCytomation,
Carpinteria, CA, USA), according to the manufac-
turer’s recommendations.

Podoplanin (D2-40) immunoreactivity in the tumor
cells was evaluated semiquantitatively on a four-
tiered scale.’® Membranous and/or cytoplasmic
immunoreactivity was considered positive. Strong
immunostaining was defined as reactivity similar
in intensity to that seen in lymphatic vessels present
in the tissue sections, which were used as internal
positive controls. The percentage of weakly, moder-
ately, and strongly staining cells was determined, and
a staining score was calculated as follows: Score
(out of maximum of 300)=sum of 1 x percentage of
weak, 2 x percentage of moderate, and 3 x percentage
of strong staining. The immunochistochemical scores
were used to compare reactivity in biopsy and
corresponding hysterectomy materials. For the
purpose of further statistical analyses, tumors were
considered to show high podoplanin immunoreactiv-
ity if the percentage of tumor cells showing immuno-
staining of any intensity was higher than the median
value (10%) for all tumors. This simplified scoring
system reliably stratified patients into two distinct
groups with only 11 of 122 (9%) patients showing
immunoreactivity near the cutoff value.

The correlation between the immunostaining
scores obtained in biopsy and hysterectomy materials
was analyzed using the Spearman test. High vs low
immunostaining in carcinomas was compared using
the Fisher’s exact test. Survival curves were plotted
using the method of Kaplan and Meier and compared
using the log-rank test. A Cox proportional hazards
model was used to assess the effect of tumor variables
on survival. The end point was the overall survival
from the day of treatment. Statistical significance was
determined if the two-sided P-value of a test was
less than 0.05. Computations were performed using
the SYSTAT (Version 10.2, SYSTAT Software Inc.,
Richmond, CA, USA) software.

Results

The results of the podoplanin immunohisto-
chemical assays are illustrated in Figure 1. A highly



significant positive correlation was found between
the podoplanin immunostaining scores and percent
immunoreactivity values obtained in biopsy and
hysterectomy materials (r=0.8835, P<0.0001 and
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r=0.8962, P<0.0001, respectively, Spearman test)
(Figure 2a and b). Based on the biopsy and
hysterectomy materials, 16 (38%) and 18 (43%)
tumors were classified as showing high podoplanin

Figure 1 The pattern of podoplanin expression in squamous cell carcinoma of the cervix is very similar in biopsy samples (a, c, e) and
hysterectomy specimens (b, d, f). (a and b) The tumor cells show complete lack of podoplanin expression, while there is mild to moderate
staining in the desmoplastic stroma. The D2-40 antibody strongly stains the lymphatic vessels and highlights the presence of lymphatic
invasion. (c, d) Focal podoplanin expression in cervical squamous cell carcinoma is mainly localized to the periphery of invading tumor
cell nests. (e, f) Strong, diffuse podoplanin expression in cervical squamous cell carcinoma. (Immunohistochemical stains for podoplanin

with hematoxylin counterstain, original magnification x 100).
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expression, respectively. The difference between
the results obtained in the two types of samples
was statistically not significant (P=0.8312, Fisher’s
exact test).

Low podoplanin immunoreactivity in the tumors
based on both biopsy and hysterectomy materials
showed a highly significant association with the
presence of lymphatic invasion (P<0.0001 both for
biopsy and hysterectomy materials, Fisher’s exact
test) and lymph node metastasis (P=0.0058 for
biopsy and P=0.0275 for hysterectomy materials,
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Fisher’s exact test) (Figure 2¢ and d). The sensitivity,
specificity, and positive and negative predictive
values of low podoplanin expression in biopsy
and hysterectomy materials to predict the presence
of lymphatic invasion and nodal metastasis are
summarized in Table 2.

Among the 74 advanced-stage cases treated by
primary radiation (Series B), podoplanin expression
was low in 39 (53%) and high in 35 (47%) cases,
respectively. The frequency of low and high
immunoreactivity was statistically not significantly
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Figure 2 (a) Podoplanin immunostaining scores determined in hysterectomy and biopsy materials show a highly significant positive
correlation (r=0.8835, P<0.0001, Spearman test). The dotted line represents the calculated regression line. (b) The percent of
immunoreactive tumors cells determined in hysterectomy and biopsy materials show a highly significant positive correlation (r=0.8962,
P<0.0001, Spearman test). The dotted line represents the calculated regression line. Podoplanin immunoreactivity is significantly
lower in cases associated with the presence of lymphatic invasion (¢) and nodal metastasis (d), based on both biopsy (®) and
hysterectomy (O) material. Bars indicate the median values of podoplanin immunostaining scores (*P<0.05; **P<0.01; ***P<0.001,

Mann—-Whitney test).

Table 2 Sensitivity, specificity, positive and negative predictive value of low podoplanin expression to predict the presence of
lymphatic invasion and nodal metastasis in cervical squamous cell carcinomas

Sensitivity Specificity PPV NPV RR (95% CI)
Lymphatic invasion
Biopsy 0.9091 0.8571 0.9375 0.8000 4.69 (1.69-12.95)
Hysterectomy 0.8387 0.8571 0.9286 0.7059 3.16 (1.50-6.64)
Nodal metastasis
Biopsy 0.8946 0.5000 0.5484 0.8750 4.39 (1.15-16.68)
Hysterectomy 0.8333 0.5185 0.5357 0.8235 3.04 (1.03-8.97)

PPV, positive predictive value; NPV, negative predictive value; RR, relative risk; CI, confidence interval.
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different from the cases treated with hysterectomy
(P>0.05, Fisher’s exact test).

To determine whether podoplanin expression
correlates with patient outcome, first we analyzed
all cases combined (Series A and B, total 122 cases).
During the follow-up interval, tumor progression or
recurrence was observed in 48 (39%) cases. Twenty-
nine (24%) patients died of disease at a median time
of 18.9 months (range 4.4-95.0 months) of follow-
up. The median follow-up of censored patients was
44.0 months (range 0-188.1 months). The median
time to tumor recurrence was 11.9 months (range 0—
69.3 months). In the combined series, low podopla-
nin expression was highly significantly associated
with both poor overall (P=0.0008) and disease-free
(P=0.0014) survival (Figure 3a and b).

Treatment options for patients with stage IB and
ITIA cervix cancers include either radical surgery or
primary radiation therapy. Thus, we analyzed this
group of patients separately. In the combined series,
there were 60 patients (48 stage IB and 12 stage IIA)
in this group. Primary treatment was radical hyster-
ectomy in 38 cases, while 22 patients received
primary radiation. During the follow-up interval,
tumor recurrence was observed in 20 (33%) cases. A
total of 11 (18%) patients died of disease at a median
time of 24.1 months (range 10.6-95.0 months) of
follow-up. The median follow-up of censored
patients was 56.3 months (range 0-181.3 months).
The median time to tumor recurrence was 15.3
months (range 0—69.3 months). In this subgroup of
patients, the method of primary treatment showed
no correlation with either overall or disease-free
survival (Figure 3c and d). In contrast, low podo-
planin expression in pretreatment biopsy samples
was significantly associated with both poor overall
(P=0.0251) and disease-free (P=0.0159) survival
(Figure 3e and f).

Among the 74 patients treated with primary
radiation, tumor progression or recurrence was
observed in 36 (49%) cases during the follow-up
interval. A total of 25 (34%) patients died of disease
at a median time of 18.5 months (range 4.4-95.0
months) of follow-up. The median follow-up of
censored patients was 55.6 months (range 0.9-188.1
months). The median time to tumor recurrence was
10.5 months (range 0-60.2 months). We found no
correlation between tumor size, grade, FIGO stage,
or total radiation dose and either disease-free
or overall survival, although FIGO stage (IB vs IIB
vs stage III and IV) approached statistical signifi-
cance for overall survival (P=0.0524). In this group
of patients treated by radiation, low podoplanin
expression in the pretreatment biopsy material
was highly significantly associated with both poor
overall (P=0.0002) and disease-free (P=0.0009)
survival (Figure 3g and h). For stepwise logistic
regression, we included in the models FIGO stage,
tumor grade, tumor size, total radiation dose, and
podoplanin expression. Backward elimination for
Cox regression led to a model with one independent
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term predictive of overall and recurrence-free
survival: podoplanin expression (P=0.006 and
P=0.022, respectively). The sensitivity, specificity,
and positive and negative predictive values of low
podoplanin expression to predict the presence of
tumor progression/recurrence and poor overall out-
come (dying from disease) in cervical squamous cell
carcinomas are summarized in Table 3.

Discussion

The recently developed monoclonal antibody D2-40
detects a fixation-resistant epitope on podopla-
nin,"*** a mucin-type transmembrane sialoglycopro-
tein specifically expressed on lymphatic endothelial
cells, fetal germ cells, and kidney podocytes.>***
Antibodies to podoplanin, including D2-40, were
reported to be selective markers for lymphatic
endothelium and to be useful in identifying the
presence of lymphatic invasion in various malignant
neoplasms, including cervical carcinoma.**"” How-
ever, little is known about the biological function of
podoplanin. It was recently reported that mice
deficient in podoplanin develop congenital lymph-
edema and have defects in lymphatic vessel, but not
blood vessel, formation.?® In vitro studies suggested
that podoplanin may be involved in mediating cell
motility and adhesion.*®*** Very recently, podopla-
nin expression was reported in squamous cell
carcinomas of the epidermis,” oral cavity,> and
lung,*® and it was suggested that it may be involved
in tumor cell invasion, metastasis, and tumor
progression. In addition, mucin-type glycoproteins,
such as podoplanin, are expressed widely on human
normal cells and tumors**~?® and have recently been
implicated in cellular signaling, cell adhesion,
tumor growth, and suppression of apoptosis.?*~%*

We have recently characterized the immunohisto-
chemical reactivity of tumor cells in a series of early-
stage cervical squamous cell carcinomas with the
D2-40 antibody and found that low levels of
podoplanin expression in the tumor cells were
significantly associated with the presence of lym-
phatic invasion and lymph node metastasis, as well
as with shorter survival and higher risk of tumor
recurrence.’® Interestingly, we found that tumor
emboli within lymphatic spaces, as well as meta-
static tumor cells in lymph nodes, showed no
podoplanin immunostaining in the vast majority of
tumors, even in cases when the main tumor mass
was D2-40 positive. While the importance of the
lymphatic system as a pathway for metastasis has
been well recognized, there is very little information
available about the mechanisms by which tumor
cells interact with the lymphatics. Our results
suggested that podoplanin may play a role in the
interaction of tumor cells with the lymphatics.

The presence of lymphovascular invasion is a
significant risk factor for tumor recurrence in
cervical squamous cell carcinoma.*® Many patients
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Table 3 Sensitivity, specificity, positive and negative predictive value of low podoplanin expression to predict tumor progression/
recurrence and poor overall outcome (dying from disease) in cervical squamous cell carcinomas

Sensitivity Specificity PPV NPV RR (95% CI)
All cases (series A and B) combined
Recurrence 0.5294 0.7692 0.7500 0.5556 1.69 (1.24-2.30)
Dying from disease 0.3676 0.9231 0.8621 0.5275 1.82 (1.41-2.37)
Advanced stage cases treated by primary radiation
Recurrence 0.6579 0.6765 0.6944 0.6389 1.92 (1.18-3.13)
Dying from disease 0.5526 0.8824 0.8400 0.6383 2.32 (1.53-3.52)

PPV, positive predictive value; NPV, negative predictive value; RR, relative risk; CI, confidence interval.

with advanced-stage disease are treated primarily
with nonsurgical methods after biopsy confirmation
of the diagnosis. However, the presence of lympha-
tic invasion might be underestimated in biopsy
material due to the size of tumor sampling.
Currently, there are no reliable histopathologic
features or biological tumor markers to predict the
presence of lymphatic invasion and nodal meta-
stasis, or to provide prognostic information in
advanced-stage tumors based on such small biopsy
materials. In the present study, we have shown that
evaluation of podoplanin expression by D2-40
immunohistochemistry in small cervical biopsy
specimens is equally effective as hysterectomy
materials to predict the presence of lymphatic
invasion and/or lymph node metastasis in cervical
cancer. This finding could be significant for patients
with advanced-stage disease treated by nonsurgical
means and in which conventional histologic prog-
nostic factors might be underestimated in small
biopsy samples.

In addition, as in the series of early-stage cervical
cancers,'® we have also shown that low podoplanin
expression in the tumors based on pretreatment
biopsy materials is highly significantly associated
with an increased risk of tumor recurrence and
shorter overall survival in cervix cancer patients
irrespective of the mode of primary therapy in both
univariate and multivariate analysis.

Our findings demonstrate that podoplanin expres-
sion determined by the D2-40 immunostaining
pattern in biopsy material reliably reflects that of
the main tumor in hysterectomy specimens, and can
predict the status of lymphatic involvement as well
as clinical outcome. While the sensitivity and
specificity of determination of podoplanin immuno-
reactivity to predict lymphatic invasion and nodal
metastasis appears to be high enough to be of
potential clinical utility in the workup of cervix
cancer patients, further studies are needed to
establish its clinical utility. Although prediction of
para-aortic lymph node involvement specifically

«

would be important to aid in clinical decision-
making and treatment planning, only five patients
included in the current study had para-aortic node
involvement, precluding separate analysis. Future
studies are needed to examine whether podoplanin
expression would be useful in predicting para-aortic
lymph node status.

In summary, low podoplanin expression in small
biopsy or hysterectomy specimens is highly signifi-
cantly associated with lymphatic space involvement
and nodal metastasis as well as an increased risk of
recurrence and poor outcome in advanced-stage
cervical squamous cancers. Assessment of podopla-
nin expression by D2-40 immunostaining performed
on cervical biopsy material appears to be a valuable
test to predict lymph node status in patients with
unresectable disease undergoing primary nonsurgi-
cal treatment, when biopsy tumor tissue is less
than optimal for thorough evaluation of conven-
tional prognostic factors, as well as to provide addi-
tional prognostic information in advanced-stage
cervical cancer. Prospective studies involving larger
numbers of patients are needed to further evaluate
the clinical utility of examination of podoplanin
expression in patients with cervix carcinoma.
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