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Abstract The aim of the retrospective study was to evaluate
prognostic significance of human papillomavirus (HPV) sta-
tus and expression of epidermal growth factor receptor
(EGFR), human epidermal growth factor receptor type 2
(HER2/neu), vascular endothelial growth factor (VEGF),
CD34 antigen, tumor suppressors p63 and p53, and Ki67/
MIB-1 in squamous cell carcinoma of the uterine cervix
(SCCC) treated with radiotherapy or chemoradiotherapy.
Seventy-two consecutive patients with SCCC, diagnosed
and treated with (chemo-) radiotherapy with a curative intent
at the University Hospital Hradec Kralove between August
1998 and August 2008, were enrolled in the study. The
median follow-up period was 57 months (range 5–152). The
tested biological factors were evaluated by polymerase chain
reaction (HPV status) and by immunohistochemistry
(remaining above mentioned markers) from archival paraffin
embedded original diagnostic tumor samples. A statistical
significant correlation was observed between low expression
of p63 and poor overall survival (p=0.001), although the
complete response probability was influenced with borderline
statistical significance (p=0.05). However, the results could
be affected by the statistical error due to the small number of
p63 negative patients. HPV positivity and EGFR staining

intensity was associated with higher complete response prob-
ability (p=0.038 and p=0.044, resp.). All other results were
not significant. Neither HPV positivity nor EGFR staining
intensity were reflected in the overall survival evaluation. In
conclusion, the presented study did not confirm any apparent-
ly significant association of the suggested markers with prog-
nosis of SCCC in patients treated with (chemo-) radiotherapy.
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Introduction

Radiotherapy is a basic curative approach for locally and
regionally advanced cervical cancer. The irradiation is deliv-
ered in most cases with combination of external beam radio-
therapy (EBRT) and brachytherapy (BRT). Currently, the
biological effect of radiotherapy (RT) is standardly enhanced
by concurrent administration of cisplatin-based chemothera-
py. Despite a relative radiosensitivity of squamous cell cer-
vical carcinoma (SCCC) the treatment results are not opti-
mal, the 5-year overall survival being about 52 % [1].

Total dose of irradiation and total treatment time are important
factors for treatment results of (chemo-) radiotherapy. On the
contrary, higher doses are associated with increased toxicity of
RT. Especially late complications (e.g. rectal bleeding, bowel
stenosis, fistula, ulceration or radiation cystitis) have direct influ-
ence on quality of life [2] and could be fatal in extreme cases.
Therefore, there is an attempt to find predictors of tumor re-
sponse after standard chemoradiotherapy to individualize the
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treatment approach. Many articles demonstrated promising rela-
tionships between various imunohistochemically evaluated bio-
markers and treatment response or prognosis in cervical cancer
patients in recent years. The review article was published recent-
ly by Petera et al. [3]. Unfortunately, the effect of expression of
individual proteins on treatment outcome is still not certain and
unambiguous.

Therefore, we decided to evaluate the influence of expres-
sion of selected potential predictors, assessed by immuno-
histochemistry, on treatment outcomes in a cohort of patients
treated at our institution. The clinical results of whole group
of patients with cervical cancer treated at our department
were referred repeatedly earlier [4–6].

The following proteins were selected for the study: cell-
surface receptors—epidermal growth factor receptor (EGFR)
and human epidermal growth factor receptor type 2 (HER2/
Neu), markers of angiogenesis—vascular endothelial growth
factor (VEGF) and CD34 antigen, tumor suppressors p53 and
p63, and marker of cell proliferation Ki67/MIB-1. Besides the
immunohistochemically evaluated proteins we added the human
papillomavirus (HPV) status as a possible prognostic factor.

Material and Methods

Patients

We retrospectively reviewed the treatment results of 72
consecutive patients with histologically confirmed squa-
mous cell carcinoma of the uterine cervix, who received
radiotherapy or chemoradiotherapy with curative intent at
the University Hospital Hradec Kralove (Hradec Kralove,
Czech Republic) between August 1998 and August 2008.
The median patient age was 50 years (range, 28–81 years).
Tumor stage and treatment characterics are listed in Table 1.
The median follow-up period was 57 months (range, 3–
153 months).

In all but eleven patients complete remission was reached
after the treatment (84.7 %). Thirty two patients (44.4 %) are
alive, 26 (36.1 %) patients died of the disease, two patients
died of other cancer, 8 patients died of other reasons (in four
cases deaths could be associated with late toxicity) and two
patients were lost from follow-up. The median survival was
69 months (5.7 years), 5-years overall survival was 52.9 %
(95 % CI 41.2–64.6 %).

Analysis of Potential Predictors

Tissue specimens were immediately fixed in 10 % formalin,
routinely processed, embedded in paraffin, and stained with
hematoxylin-eosin. The paraffin blocks for HPV testing and
immunohistochemical analysis were available in all cases

and were retrieved from the archive of the Fingerland De-
partment of Pathology, University Hospital Hradec Králové.

HPV

The HPV DNA detection was performed by polymerase
chain reaction (PCR) as follows. The HPV DNA was
extracted from paraffin-embedded tissue after depar-
affinization in xylen and rehydration in ethanol using the
commercial QIAamp DNA FFPE Tissue Kit (Qiagen
GmBH, Hilden, Germany) according to the manufacturer’s
protocol. PCR amplification of β-globin sequences was
performed to confirm sample fitness for PCR assay. All
samples were screened for presence of HPV DNA by PCR
amplification with primers GP5+/GP6+ located within the
HPV L1 gene. The sequences of the forward and reverse
primers used were 5′-TTTGTTACTGTGGTAGATACTAC-
3′ (GP5+) and 5′-GAAAAATAAACTGTAAATCATATT-3′
(GP6+). The PCR reaction was performed in a volume of
25 μL, containing 25 mMMgCl2, 2.5 mM of each dNTP, 2.5
units of Takara Taq polymerase (Takara Bio Inc., Shiga,
Japan), 100 pmol of each primer (GP5+/GP6+) and 2 μL
of HPV DNA at various dilutions. The PCR protocol was
then carried out with an initial denaturation at 95 °C for
10 min, followed by 40 cycles of denaturation at 95 °C for
30 s, annealing at 55 °C for 60 s, and extension at 72 °C for
45 s. Amplified products were run on 2 % agarose gel and

Table 1 Patient and
treatment characteris-
tics. TNM stage
according to AJCC/
UICC TNM Staging
System, 6th edition;
2002 [32]

RT radiotherapy; EBRT
external beam radiother-
apy; PALN paraaortic
lymph nodes

Characteristic Number

T-stage

T1b 1

T2a 2

T2b 50

T3a 0

T3b 18

T4 1

N-stage

N0 32

N1 40

M-stage

M0 68

M1 (PALN) 4

RT

EBRT of pelvis 72

EBRT of PALN 37

Brachytherapy 68

Chemotherapy

Concurrent cisplatin 46

Concurrent paclitaxel 6

Neoadjuvant chemotherapy 1
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stained with ethidium bromide for size verification. Samples
showing HPV DNA presence by the above mentioned pro-
cedure were subsequently analyzed using Linear Array HPV
Genotyping Test (Roche, Basel, Switzerland). The manufac-
turer’s protocol was modified to adapt the test for use on
paraffin-embedded tissue according to Siriaunkgul et al. [7].
The test involves three steps: PCR amplification of target
DNA, nucleic acid hybridization, and detection of 37 HPV
types, specifically 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45,
51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70,
71, 72, 73 (MM9), 81, 82 (MM4), 83 (MM7), 84 (MM8),
IS39 a CP6108. PCR was performed in a total volume of
100 μL containing 50 μL of the manufacturer´s master mix
and 50 μL of GP5+/GP6+ PCR product. The amplification
program consisted of 2 min at 50 °C, and 9 min at 95 °C,
followed by 40 cycles of 30 s at 50 °C, of 1 min at 55 °C, and
of 1 min at 72 °C, with a final extension at 72 °C for 5 min.
The PCR product was denaturated with denaturation solution
and hybridized on to a strip containing specific probes for the
37 above mentioned HPV types and β-globin reference
lines. Detection was carried out using streptavidin-HRP
and 0.1 % tetramethylbenzidine as a chromogen. Positive
reaction was visible as a blue line on the strip.

Immunohistochemistry

Four μm-thick sections were cut from paraffin blocks,
mounted on slides coated with 3-aminopropyltriethoxy-
silane, deparaffinized in xylene, and rehydrated in descend-
ing grades (100 % to 70 %) of ethanol. Indirect immunohis-
tochemistry using polyclonal and monoclonal antibodies
against Her-2/Neu oncoprotein (HercepTest™ kit), epider-
mal growth factor receptor (EGFR) (EGFR pharmDx™ kit),
vascular endothelial growth factor (VEGF) (clone VG1,
dilution 1:200), CD34 (QBEnd 10, 1:50), p63 protein
(4A4, 1:200), p53 protein (DO-7, 1:300) and Ki-67 (MIB-
1, 1:50) was performed. The source of both detection kits
and of all antibodies was Dako (Dako Denmark A/S,
Glostrup, Denmark). The staining of all markers was done
manually. The detection of both Her-2/neu oncoprotein and
EGFR was performed according to the instruction of the
manufacturer (Dako). Antigen retrieval was performed in a
water bath for 40 min at 97 °C in the retrieval buffer S2367
(Dako) at pH 9.0 for CD34, p53 and Ki-67. For VEGF and
p63, the tissue was processed in the microwave vacuum
histoprocessor RHS 1(Milestone Srl, Sorisole, Italy) at
pH 6.0 at 120 °C for 4 min. Endogenous peroxidase activity
was inhibited by immersing the sections in 3 % hydrogene
peroxide. Finally, the sections were incubated with EnVi-
sion™ Dual Link System-HRP (Dako) and the reaction was
visualized using diaminobenzidine. Then, the slides were
counterstained with hematoxylin. Appropriate positive and
negative controls were used. The evaluation criteria are

summarized in Tables 2 and 3. The study slides (and corre-
sponding controls) were read independently by two study
pathologists (J.L. and E.H.). Any discrepant cases were
resolved by consensus review. The expression of Her-2/neu
was assessed according to the HER-score system. The CD34
expression was used for identification of endothelium of
new-formed vessels in so-called “hot spots”, The number
of new-formed vessels in five power fields (x10 eyepiece and
x20 lens; area 1.23 mm2) was counted and the average
number of new-formed vessels per one power field was
recorded (Gaffney et al.). The expression of all remaining
markers was scored in 10 % increments as percentage of
positive tumor cells. The expression of each marker was
evaluated in three high power fields (HPFs) (x10 eyepiece
and x40 lens; area 0.15 mm2) in the tumor area where the
highest expression was detected at low magnification (x10
eyepiece and x4 lens; area 30.18 mm2). In each HPF, one
hundred tumor cells were assessed and the number of posi-
tive cells was recorded. Finally, an average was calculated
from these three values and rounded to the tens. The thresh-
old of positivity was defined as staining of more than 10 % of
tumor cells. Staining intensity of EGFR was assessed
according to the manufacturer’s interpretation manual
(Dako) and of p53 and VEGF it was interpreted as weak
(=1), moderate (=2) or strong (=3). If heterogenous staining
intensity was observed, the most intensive degree was

Table 2 Evaluation criteria

Marker Staining type Evaluation

Her-2/neu
oncoprote-
ina

Membranous HER-score system: (0), (1+), (2+), (3+)

EGFRb Membranous Percent of stained tumor cells (with
10 % accuracy) and staining intensity
(1+, 2+, 3+)

VEGF Cytoplasmic Percent of stained tumor cells (with
10 % accuracy) and staining intensity
(mild, moderate, strong)

CD34 Membranous Average number of new-formed vessels
in 1 power field (PF) as calculated
from 5 PFs, analyzed using 20x lens
and 10x eyepiece (area 1.23 mm2)

p63 Nuclear Percent of stained tumor cells (with
10 % accuracy)

p53 Nuclear Percent of stained tumor cells (with
10 % accuracy) and staining intensity
(mild, moderate, strong)

Ki-67 Nuclear Percent of stained tumor cells (with
10 % accuracy)

a Evaluation system adopted from HercepTest™ Interpretation Manual
(Dako)
b Evaluation system adopted from EGFR pharmDx™ Interpretation
Manual (Dako)

Prognostic significance of selected markers in patients with SCCC 133



recorded. The staining intensity of p63 and Ki-67 was not
qualified as it was strong in all cases.

Statistical Methods

All potential biological factors were correlated with presence
of complete response and overall survival. We decided not to
primary correlate the analyzed factors with local control or
freedom of the disease due to uncertain information in few
cases of death outside our institution.

Basic descriptive statistics were adopted for the analysis:
median and 95 % confidence interval for continuous data,
and absolute and relative frequencies for categorical data.
Kaplan-Maier and Logrank tests were used for survival
analysis. Univariate and multivariate Cox regression analy-
sis was used to determine the influence of patient/tumor
characteristics and immunohistochemical markers upon sur-
vival. Logistic regression was adopted to analyse the rela-
tionship between patient characteristics or immunohisto-
chemical markers and the treatment response. Relationship
between immunohistochemical markers and treatment re-
sponse was also analyzed using the chi-square test; while
Fisher’s exact test was used in a four-field table when the
number of cases was fewer than 10. We considered p<0.05
to be statistically significant. All statistical analyses were

performed using the NCSS 8 statistical software program
(NCSS, Keysville, Utah).

Results

Tumor samples of all 72 patients were analyzed for HPV
analysis. Samples of 70 patients were subsequently analyzed
for immunohistochemical methods. In two cases there was
not sufficient material for immunohistochemical analysis.

Relationships of analyzed HPV positivity and protein
expressions and response to treatment and overall survival
are presented in Tables 4 and 5, respectively. A statistical
significant association was observed between low expres-
sion of p63 and poor overall survival (both univariate and
multivariate analysis p=0.001), although the complete re-
sponse probability was influenced with borderline statistical
significance (p=0.05).

HPV positivity and high EGFR intensity was associated
with higher complete response probability (p=0.038 and
p=0.044, resp.). The influence of HPV positivity on com-
plete response probability was confirmed by chi-square test
(p=0.029) and Fisher’s exact test (p=0.044). The associa-
tion of EGFR intensity and complete response probability
was not confirmed by statistical significant result using chi-
square test (p=0.087).

All other results were not significant. Neither HPV posi-
tivity nor high EGFR intensity were reflected in the overall
survival evaluation.

Discussion

The correlation of HPV positivity with the prognosis of
cervical cancer patients is very controversial. Some studies

Table 3 Comment to analyzed results of individual evaluated biolog-
ical factors

Factor Result

HPV HPV positivity was demonstrated in 57 samples (79 %).
The samples were in a sufficient quality for subsequent
HPV genotype testing in 45 cases. Type 16 was found in
34 cases (75 %), type 18 in 5 cases (11 %), other catched
types were 35 (1 case), 42 (1 case), 45 (3 cases) and 59 (1
case).

Her2/Neu 68 of 70 samples (98 %) were HER2/Neu negative (HER2
score 0 or 1+), only two cases were 2+ and no case was
3+.

EGFR The median value of percentage of stained cells was 35 %
(0–100 %). The staining intensity of grade 0, 1, 2 and 3
was in 10, 6, 24 and 30 cases, respectively

VEGF The median value of percentage of stained cells was 100 %
(40–100 %). The staining intensity of grade 0, 1, 2 and 3
was in 0, 4, 34 and 32 cases, respectively

CD34 The median value of average number of new-formed
vessels in 1 power field was 64.5 (40–210).

p63 64 of 70 samples were highly positive (80–100 %), in 40
cases 100 %. Two samples were moderately positive
(both 60 %) and four were negative (0–10 %) in p63
staining.

p53 The median value of percentage of stained cells was 22.5 %
(0–90 %). The staining intensity of grade 0, 1, 2 and 3
was in 1, 13, 34 and 22 cases, respectively.

Ki67/
MIB-1

The median value of Ki67 stained cells was 80 % (range
30–100 %).

Table 4 Relationship of analyzed factors and treatment response using
logistic regression analysis

Factor Probability level Odds ratio (95 %
confidence interval)

HPV positivity 0.038 4.25 (1.08–16.67)

HER score 0.41 2.28 (0.31–16.52)

EFGR % 0.70 1.00 (0.98–1.02)

EGFR intensity 0.044 1.81 (1.01–3.25)

VEGF % 0.32 0.96 (0.88–1.04)

VEGF intensity 0.19 2.03 (0.70–5.94)

CD34 0.78 1.00 (0.97–1.04)

P63 % 0.050 1.02 (1.00–1.04)

P53 % 0.69 0.99 (0.96–1.03)

P53 intensity 0.96 1.02 (0.48–2.43)

Ki67 % 0.55 1.01 (0.97–1.05)
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confirmed poorer prognosis of HPV negative cervical cancer
patients. Harima et al. demonstrated the HPV positivity in
76.2 % of patients. The HPV positivity was associated with
better disease-free survival and overall survival [8]. Similar
results were published by Lindel et al. In this study the ratio
of HPV positive was 70 % and there was statistically signif-
icant better complete response rate, local control, disease free
survival and overall survival [9]. Conversely, according to
other authors the HPV negativity of cervical cancer samples
means only the insufficiency of HPV diagnostics [10]. HPV
positivity in the presented study samples was clearly dem-
onstrated in 79.1 %. There was found a statistically signifi-
cant association between HPV negativity and worse re-
sponse; otherwise no correlation with overall survival was
captured. A possible explanation for this observation could
be a higher number of HPV negative patients in older age
group who were treated with radiotherapy only with worse
complete response probability. But the possible association
of higher age of patients and HPV negativity is uncertain.

The published results of expression of HER2/Neu as a
prognostic marker are divergent. In the study of Lee et al. the
increased HER2/Neu expression was associated with im-
proved overall survival [11]. Conversely, in other studies
HER2/neu overexpression was negative prognostic factor
[12, 13]. In the presented study HER2/Neu 3+ was not found
in any case, and only two cases were evaluated as 2+.
Therefore, we cannot confirm, HER2/Neu overexpression
might be a prognostic marker. Our results are similar to
results of Shen et al. (no HER2 positive sample of 53 ana-
lyzed cases) [14]. The advantage of the presented study was
the use of certified kit.

Previous data suggest that EGFR overexpression is associ-
ated with poorer overall survival and disease free survival [15,
16]. No correlation with prognosis was found in EGFR ex-
pression evaluation in other studies [12, 14]. Presented study

does not confirm the influence of EGFR overexpression on
overall survival. Furthermore, the logistic regression analysis
has shown (although borderline) the opposite effect of EGFR
expression on response to (chemo-)radiotherapy – higher
EGFR intensity was more frequently demonstrated in patients
with complete response (p=0.044).

In the trial of Loncaster et al. high VEGF expression was
associated with a poor prognosis [17]. VEGF was the most
significant independent prognostic factor for overall surviv-
al, metastasis free survival, but not for local control after
radiotherapy. Similarly, relationship between overexpression
of VEGF and poor prognosis was found in other studies [18,
19]. On the contrary, these results were not confirmed by
Gynecologic Oncology Group study [20]. Our results do not
confirm these results as well. We have not found any corre-
lation between VEGF expression and overall survival or
complete response.

There is only one study testing an influence of marker of
microvessel density CD34 on the prognosis of SCCC pa-
tients treated by with radiotherapy. The number of new-
formed vessels, which were highlighted by CD34 immuno-
staining of endothelium, did not correlate with disease free
survival or overall survival [19]. Our results are fully con-
sistent with this study.

Tumor protein p63 is a member of the p53 family of
transcription factors. In the study of Cho et al. the p63
expression (IIB stage SCCC) was associated with worse
overall survival and locoregional failure [16]. The presented
study does not confirm this result. Quite the contrary, our
statistical result is that low expression of p63 is associated
with poor results in term of overall survival and complete
response probability. The reason for this fact can be high
number of p63 positive samples (91 %) and poor treatment
results in remaining six patients in our study. The number of
p63 negative patients is too small for conclusion.

The correlation of p53 with prognosis in SCCC is contro-
versial. Oka et al. found p53 to be a marker of poor prognosis
[21]. In the trail of Jain, the p53 expression correlated with
poor prognosis in univariate analysis, but not upon multivar-
iate analysis [22]. On the contrary, Lindstrom et al. found
higher 10-years overall survival in patients with p53 expres-
sion in multivariate analysis (but not in Cox regression
analyses) [23]. Other studies, including the presented study,
found no influence on the prognosis of patients with SCCC
[12, 24–26].

Low Ki67 expression was associated with poor prognosis
due to local recurrence following radiation therapy in study
of Nakano et al. [27], and similarly, higher expression of
Ki67 was positive prognostic factor in other studies [28, 29].
On the contrary, other trials found no correlation [12, 30, 31].
The median value of Ki67 stained cells was higher than in
mentioned studies above. Ki67 expression had no influence
on complete response probability, but there was captured a

Table 5 Relationship of analyzed factors and overall survival using
univariate Cox-regression analysis

Factor Probability level Risk ratio (95 %
confidence interval)

HPV positivity 0.31 0.67 (0.30–1.46)

HER score 0.77 1.10 (0.58–2.06)

EFGR % 0.40 0.996 (0.987–1.005)

EGFR intensity 0.19 0.82 (0.61–1.10)

VEGF % 0.23 1.02 (0.99–1.05)

VEGF intensity 0.17 0.70 (0.42–1.17)

CD34 0.88 0.999 (0.985–1.013)

P63 % 0.001 0.98 (0.97–0.99)

P53 % 0.43 0.99 (0.98–1.01)

P53 intensity 0.97 1.01 (0.65–1.56)

Ki67 % 0.07 0.98 (0.96–1.00)
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trend to better overall survival in univariate Cox regression
analysis in Ki67 high expression (p=0.07).

Conclusion

The results of presented study do not confirm clear signifi-
cance of any of previously suggested immunohistochemical
prognostic factor in SCCC in patients treated with (chemo-)
radiotherapy in terms of overall survival. Higher complete
response probability in HPV positive tumors is controversial.
In our opinion, further research on possible prognostic fac-
tors in SCCC should be conducted on the basis of molecular
biology methods.
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