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Summary

Cervical cancer is a disease with severe morbidity and a high mortality rate in women
worldwide (1,2). New treatment modalities are urgently needed to improve survival
rates, without causing an increase of short- and long-term side effects. Treatment of
early stage cervical cancer patients (International Federation of Gynecology and Obstet-
rics [FIGO] stage Ia-IIa) often consists of radical hysterectomy and pelvic lymph node
dissection. Adjuvant radiotherapy or chemoradiation is administered in case of poor
prognostic factors, with pelvic lymph node metastases as the most important prognos-
tic factor (3,4). Standard treatment of locally advanced cervical cancer (FIGO stage
Ib2, IIb-IVa) is concurrent cisplatin-based chemoradiation, resulting in a 5-year overall
survival rate of 66% (5). us, choice of treatment is nowadays mostly based on well-
known clinicopathological factors, such as FIGO stage and presence of lymph node
metastases. Cell biological markers could also be of potential clinical relevance. Dis-
covery of cell biological markers associated with response to treatment or prognosis
might be helpful in identi cation of new targets for therapeutic intervention. In ad-
dition, cell biological markers could be helpful in predicting presence of pelvic lymph
node metastases, response to chemoradiation and prognosis in the individual patient
(6).

In this thesis, cell biological markers and pathways associated with lymph node
metastases, response to (chemo)radiation, and prognosis in cervical cancer were inves-
tigated.

In chapter 2, a systematic review of well-documented studies on prognostic and
predictive cell biological markers, comprising ≥50 cervical cancer patients, primarily
treated by (chemo)radiation was performed. In total 42 studies, concerning 82 cell bi-
ological markers were included. Only a small number of markers were investigated in
more than one independent study, therefore cell biological markers were clustered on
biological function. Clusters with the most potential prognostic factors were markers
involved in angiogenesis and hypoxia, mainly immunostaining of CA9 and HIF-1α,
and markers involved in the EGFR pathway, especially protein expression of EGFR
and C-erbB-2. Furthermore, COX-2 immunostaining and serum SCC-ag levels appear
to be prognostic markers. Positivity of all these cell biological markers was associated
with poor survival. For most markers the association with poor prognosis was found in
both univariate and multivariate analysis, indicating that these cell biological markers
give additional information on prognosis, complementary to clinicopathological prog-
nostic factors. e relation with response to (chemo)radiation was determined in 38/82
markers. EGFR, C-erbB-2, and COX-2 were also associated with poor response to the-
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rapy, while markers involved in angiogenesis and hypoxia did not show a relation with
response. Serum SCC-ag levels were not investigated in relation to response. Besides
the individual prognostic signi cance of these markers, it is even more interesting that
also relations exist between COX-2, the EGFR pathway and angiogenesis and hypoxia.
Forexample, COX-2 derived prostaglandin E₂ (PGE₂) activates the EGFR pathway,
which in turn results in increased COX-2 expression (7). Furthermore, HIF-1α can
induce expression of COX-2 under hypoxic conditions and the elevated levels of PGE₂
promote transcriptional activity of HIF-1α and expression of VEGF, also indicating
a positive feedback mechanism (8). Targeted treatments against these cell biological
markers are already under development.

e prognostic value of different components of the EGFR pathway in cervical can-
cer is equivocal, which is due to small, heterogeneous (frequently a mix of primarily
surgically and radiotherapeutically treated) patient populations. e aim of chapter 3
was to determine the relation between proteins involved in the EGFR pathway and sur-
vival in a well-documented series of early stage (Ib-IIa) cervical cancer patients primarily
treated by radical hysterectomy and pelvic lymph node dissection. Immunostaining for
EGFR, phosphorylated (p)EGFR, PTEN, pAKT, and pERK was performed on tis-
sue microarrays (TMAs) containing 336 consecutive early stage cervical cancer patients
and related to clinicopathological characteristics and disease-speci c survival. Positive
PTEN immunostaining was associated with absence of pelvic lymph node metastasis
(OR=0.51; 95%CI=0.30 – 0.90; P=0.019). is suggests that PTEN is one of the tu-
mor suppressor genes affecting pelvic lymph node metastasis. However, expression of
the various EGFR pathway components does not appear to have prognostic impact in
surgically treated early stage cervical cancer.

e aim of chapter 4 was to identify cellular tumor pathways associated with pelvic
lymph node metastasis in early stage cervical cancer. To identify such pathways, ex-
pression array analysis (Affymetrix U133 plus 2.0 microarrays) was performed of tu-
mor tissues of 20 patients with histologically con rmed lymph node metastases vs. 19
patients with histologically and clinically con rmed negative lymph nodes. Gene Set
Enrichment Analysis (GSEA) (9) and a method in which experimentally generated ex-
pression signatures that re ect the activation of various oncogenic signaling pathways
are used (10), revealed that the TGF-β pathway was signi cantly enriched in the group
of patients with negative lymph nodes (P=0.027), while dysregulation of the β-catenin
pathway was associated with presence of pelvic lymph node metastases (P=0.001). In
addition, individual genes that were differentially expressed were identi ed (P<0.001)
and within the group of 149 differentially expressed genes (188 probe sets), several were
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involved in the β-catenin pathway (TCF4, CTNNAL1, CTNND1/p120, DKK3 and
WNT5a). As validation, immunostaining of TMAs containing 274 consecutive early
stage cervical cancer patients, primarily treated with surgery, was performed for Smad4
(TGF-β pathway), and β-catenin and p120 (β-catenin pathway). is revealed that
indeed positivity of Smad4 was related to absence of lymph node metastases (OR=0.20;
95%CI=0.06 – 0.66), while p120 positivity was related to positive lymph nodes
(OR=1.79; 95%CI=1.05 – 3.05). β-catenin itself, however, was not related to lymph
node metastases. In conclusion, this study provides new, validated, insights in the
molecular mechanism of lymph node metastases in cervical cancer. e TGF-β pathway
is associated with negative lymph nodes, while the p120-associated β-catenin pathway
is predictive of pelvic lymph node metastases. Ultimately, more detailed analysis of
these pathways might result in the identi cation of additional markers that will increase
the clinical sensitivity and speci city for prediction of pelvic lymph node metastases in
cervical cancer.

In chapter 5 protein expression of DR4, DR5, and TRAIL in cervical cancer was
studied and their prognostic and predictive value was determined. For this purpose,
immunostaining of DR4, DR5, and TRAIL was performed on TMAs containing 645
cervical cancer patients primarily treated by radical surgery and/or (chemo)radiation.
Immunostaining was related to response to (chemo)radiation (de ned as residual tu-
mor tissue in a biopsy 8-10 weeks after completion of treatment) and disease-speci c
survival. Weak cytoplasmatic DR4, DR5, and TRAIL immunostaining were observed
in cervical tumors from 99%, 88%, and 81% of the patients, respectively. No membra-
nous staining was observed. In patients treated primarily with (chemo)radiation, posi-
tivity of TRAIL was associated with residual tumor tissue after completion of treatment
(OR=2.09; 95%CI=1.01 – 4.33; P<0.05). However, positive DR4, DR5, and TRAIL
expression were not prognostic for disease-speci c survival. In conclusion, DR4, DR5
and TRAIL are frequently expressed in cervical cancer, while immunostaining of DR4,
DR5, and TRAIL do not show prognostic signi cance.

Besides assessing the prognostic role of EGFR and its pathways members in early
stage cervical cancer patients primarily treated by surgery, in chapter 6 the EGFR path-
way was studied in locally advanced stage cervical cancer patients primarily treated
by (chemo)radiation. Immunostaining was performed for EGFR, pEGFR, PTEN,
pAKT, and pERK, on TMAs that contain 375 consecutive FIGO stage Ib-IVa cer-
vical cancer patients, primarily treated with (chemo)radiation. Immunostaining was
related to response to treatment and survival. Response to treatment was assessed in
two models. In model I response to (chemo)radiation was determined by locoregional
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disease-free survival in all patients. In order to be able to analyze two populations with
supposedly the highest difference in sensitivity to (chemo)radiation, in model II two
populations with optimal and very poor response to (chemo)radiation were de ned.
Membranous staining of EGFR (HR=1.84; 95%CI=1.20 – 2.82; P=0.005) and cy-
toplasmic staining of pEGFR (HR=1.71; 95%CI=1.11 – 2.66; P=0.016) were both
independent predictors of poor response to (chemo)radiation (model I). e relation
of both EGFR (OR=6.08; 95%CI=2.39 – 15.47; P<0.001) and pEGFR (OR=4.06;
95%CI=1.58 – 10.43; P=0.004) with response was the strongest in our model with the
highest contrast in radiosensitivity (model II), supporting the idea that indeed EGFR
and pEGFR are associated with a poor response to (chemo)radiation in cervical can-
cer. Moreover, membranous EGFR staining was an independent prognostic factor
for poor disease-speci c survival (HR=1.54; 95%CI=1.09 – 2.17; P=0.014). In ad-
vanced stage cervical cancer patients, the apparent involvement of EGFR in response to
(chemo)radiation presents the EGFR pathway as a promising therapeutic target in al-
ready ongoing clinical trials, in which EGFR inhibitors are combined with standard
chemoradiation in cervical cancer patients.

Finally, the aim of chapter 7 was to examine the role of protein expression of
non-phosphorylated ATM (nATM) and phosphorylated ATM (pATM) in response
to (chemo)radiation and disease-speci c survival in 375 consecutive FIGO stage Ib-
IVa cervical cancer patients, primarily treated with (chemo)radiation. Protein expres-
sion of nATM and pATM was assessed by immunohistochemistry on TMAs. Again
the models of chapter 6 were used to determine the relation with response to treat-
ment (model I: locoregional disease-free survival in all patients; model II: two popu-
lations with optimal and very poor response to (chemo)radiation). In univariate anal-
ysis, high nATM (HR=1.83; 95%CI=1.14 – 2.96; P=0.013) as well as high pATM
(HR=1.87; 95%CI=1.22 – 2.86; P=0.004) staining were associated with poor response
to
(chemo)radiation in model I. e association was again the strongest in model II, with
the highest contrast in radiosensitivity (nATM: OR=3.08; 95%CI=1.32 – 7.18; P=0.009;
pATM: OR=2.60; 95%CI=1.26 – 5.37; P=0.010). In multivariate analysis, high pATM
was a predictor of poor response, independent of well-known clinicopathological prog-
nostic factors (Model I: HR=1.64; 95%CI=1.02 – 2.66; P=0.043; Model II: OR=2.36;
95%CI=1.05 – 5.30; P=0.038). Furthermore, high pATM immunostaining was related
to poor disease-speci c survival (HR=1.49; 95%CI=1.06 – 2.08; P=0.020). ese re-
sults present ATM as an interesting therapeutic target in cervical cancer.
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Conclusions and future perspectives

Over the last decades, large numbers of cell biological markers have been studied to
get more insight in the cell biology of cervical cancer and to identify potential targets
for therapeutic intervention (6). For example, over-expression of EGFR has frequently
been observed in human cancers and often associated with poor outcome after curative
radiotherapy, for instance in head and neck squamous cell carcinoma (11,12). is
might be explained by the fact that EGFR is involved in DNA double strand break
(DSB) repair after radiotherapy (13). Because of the apparent involvement of EGFR in
response to (chemo)radiation, EGFR targeted therapy has recently been implemented
as a new therapeutic strategy in various malignancies (14). e results of chapter 6
show that EGFR immunostaining as well as pEGFR immunostaining were also pre-
dictive of poor response to (chemo)radiation in cervical cancer patients, indicating that
locally advanced stage cervical cancer patients might bene t from EGFR targeting treat-
ment in combination with standard chemoradiation. At the moment, clinical trials
are ongoing, in which cetuximab, a chimeric human mouse anti-EGFR monoclonal
antibody, is added to standard chemoradiation (http://www.cancer.gov/clinicaltrials,
NCT00104910, NCT00292955, NCT00957411).

Comparable data have been presented for ATM. Preclinical studies on the role of
ATM in response to radiotherapy, showed that downregulation of ATM, resulted in
the radiosensitization of cervical cancer cells (15,16). e role of ATM in response to
radiotherapy is probably due to its key role in DNA DSB signaling. Upon DSB DNA
damage ATM is activated through phosphorylation, which results in phosphorylation of
target proteins resulting in DNA repair (17). Chapter 7 indicates that indeed immuno-
staining of nATM and pATM are associated with poor response to (chemo)radiation
in locally advanced stage cervical cancer. ese results present ATM as an interesting
therapeutic target. However, nowadays no FDA approved ATM inhibitor is available
and therefore, this should be the focus of future research.

Besides enhancing response to (chemo)radiation, targeted drugs may also inhibit
metastatic potential of tumor cells. Angiogenesis and hypoxia are essential for growth
and progression of cancer and a relation with metastases has also been suggested (18,19).
As established in the systematic review (chapter 2), expression of multiple proteins
involved in angiogenesis and hypoxia was associated with poor (metastases-free) sur-
vival. Inhibition of angiogenesis is nowadays of major interest and is currently tested in
metastatic and recurrent cervical cancer (http://www.cancer.gov/clinicaltrials,
NCT00803062). In chapter 4 the TGF-β and the p120-associated β-catenin path-
way were identi ed to be important in cervical cancer pelvic lymph node metastases.
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Targeted therapies have been reported for both pathways (20,21). Although both path-
ways are known for effecting metastatic potential, more research is needed to elucidate
whether targeting these pathways will inhibit metastatic potential of tumor cells in vitro
and in vivo.

A major challenge for the efficient implementation of new targeted treatment strate-
gies is to select those patients, who will really bene t, thereby avoiding overtreatment
and unnecessary side-effects. Predictive cell biological markers can be helpful in se-
lecting patients who are likely to have a good response to the targeted treatment. For
instance, in colorectal cancer and non small cell lung cancer KRAS mutations are as-
sociated with resistance to EGFR inhibitors (22). Speci c EGFR mutations and high
copy numbers of the EGFR gene predict a better response in non-small cell lung cancer
(23,24), while protein expression levels were not predictive of response to cetuximab
in colorectal cancer patients (25,26). In cervical cancer neither EGFR mutations (27),
nor EGFR gene ampli cation (28), and only a few (0-8%) KRAS mutations (29-32)
have been observed. erefore, these markers will probably not be helpful in predict-
ing response to EGFR targeted therapy in cervical cancer. If EGFR targeted treatment
in addition to standard chemoradiation will result in a survival bene t in cervical can-
cer, additional research should be performed to identify cell biological markers that can
predict which patients will actually bene t from this treatment.

Besides selection of patients who are likely to bene t from targeted treatments, cell
biological markers may also allow better prediction of likelihood of poor prognostic
factors, such as pelvic lymph node metastases. If presence of lymph nodes metastases is
known prior to treatment, primary chemoradiation can be considered instead of surgery
in combination with (chemo)radiation, which is equally effective, but associated with
a different treatment associated morbidity pattern (2). Although the number of re-
ports on prognostic markers in cervical cancer is rising per month, their application in
clinical practice nowadays is limited. e choice of treatment is still mainly based on
clinicopathological characteristics such as FIGO stage, due to the fact that currently in
cervical cancer no molecular diagnostic marker exists that has been validated such that
implementation in clinical practice is indicated. Reasons for slow implementation of
this type of markers in cervical cancer are: 1) the predictive power eg. for presence
of pelvic lymph node metastases needs to be very strong in order to allow treatment
choices, 2) cell biological markers are often studied in small, heterogeneous patient pop-
ulations that are retrospectively selected, 3) differences in methodology exist between
studies reporting on predictive markers, for example, different antibodies are used for
immunohistochemical staining and, more important, most studies do not use similar
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cut-offs score with a certain rationale for positivity of the marker. As a consequence,
results are often not reproducible. In order to improve quality of studies reporting on
prognostic markers, McShane et al. proposed the REMARK (REporting recommen-
dations for tumour MARKer prognostic studies) criteria (33). Improving quality of
studies reporting prognostic markers, should lead to more reliable conclusions about
the prognostic signi cance of cell biological markers and nally to application in clini-
cal decision-making.

As became clear from our systematic review (chapter 2), the majority of studies re-
porting on prognostic and predictive markers in cervical cancer, only investigated one
or two related cell biological markers in small and often heterogeneous patient popu-
lations. As a result, often different conclusions can be drawn from studies reporting
on the same cell biological marker. e use of the TMA technology, as applied in var-
ious chapters of this thesis, allows rapid immunohistochemical staining and analysis
of many tissue specimens in one experiment, while saving precious tumor tissue (34).
erefore, we were able to evaluate several proteins of one pathway in large consecutive
series of cervical cancer patients. However, nowadays the focus of identi cation of new
prognostic and predictive markers lies more on high-throughput microarray technol-
ogy, in which gene expression levels of enormous numbers of genes can be determined
in only one experiment and patterns of biological differences between cancers can be
identi ed (35,36). In this way, single genes as well as pathways that are associated with
lymph node metastases (as shown in chapter 4), response to treatment and prognosis
can be discovered. is approach might contribute to individual therapeutic strategies
in cervical cancer (37).

In conclusion, this thesis presents new insights in the molecular mechanism of
lymph node metastases, response to (chemo)radiation and prognosis and in cervical
cancer. Identi cation of cell biological markers predictive for response to treatment
may identify new targets for therapeutic intervention. Cell biological markers may also
contribute to appropriate selection of patients who are likely to bene t from targeted
therapies. Ultimately, this will support optimization of cervical cancer treatment and
thereby improve overall survival rates.
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