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General introduction

Cervical cancer is, after breast and colorectal cancer, the third most common cancer
among women worldwide, responsible for 529.000 new cases and 275.000 deaths in
2008 (1). e implementation of population-based screening programs for cervical
neoplasia in developed countries since the 1960s, has caused a strong reduction in cer-
vical cancer incidence (2), while in developing countries cervical cancer still accounts
for 13% of the female malignancies (1). Infection with high-risk human papillomavirus
(hr-HPV) has been identi ed as the most important factor in development of cervical
cancer (3). erefore, improving cervical cancer screening by HPV DNA testing and
vaccination against HPV are nowadays of major interest (4,5).

Treatment of early stage cervical cancer patients (FIGO stage Ia-IIa) consists of radi-
cal hysterectomy and pelvic lymph node dissection. For this group of patients, presence
of pelvic lymph node metastases is the most important prognostic factor (6). Early stage
cervical cancer patients with negative lymph nodes have a 5-year survival rate of 90%
vs. only 65% in patients with lymph node metastases (7). Patients with lymph node
metastases are therefore treated with adjuvant (chemo)radiation. However, the com-
bination of surgery and (chemo)radiation is associated with severe morbidity (8). If
presence of metastatic lymph nodes would be known before treatment, primary chemo-
radiation could be considered, which is equally effective, but associated with a different
treatment-related morbidity pattern (8). Currently, no clinicopathological features or
cell biological markers are available to predict lymph node status with high sensitiv-
ity and speci city. Non- and minimal invasive diagnostic techniques, such as sentinel
lymph node biopsy are currently being explored to better identify patients with disease
outside the cervix (9).

Standard treatment of locally advanced cervical cancer (FIGO stage Ib2, IIb-IVa) is
concurrent cisplatin-based chemoradiation, which has been shown to be more effective
than radiotherapy alone (10). Chemoradiation improves both overall and progression-
free survival and reduces local as well as distant recurrences (11-13). Response to che-
moradiation can be evaluated by gynaecologic examination under general anaesthesia 8
to 10 weeks after completion of treatment. If residual tumor tissue is found, adjuvant
radical surgery can be performed (14). Despite improvement in survival of patients with
locally advanced cervical cancer, the 5-year overall survival of patients treated primar-
ily with chemoradiation is still only 66% (10). Further improvement of survival rates
by intensi cation of standard chemoradiation is limited, because of resistance to radio-
therapy and/or chemotherapy and an increase of short- and long-term side effects (15).
erefore, new treatment modalities are urgently needed to increase the anti-tumor
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effect of chemoradiation and thereby improve the survival of cervical cancer patients
with advanced stage disease.

At the moment choice of treatment in cervical cancer is generally based on well-
known prognostic factors, such as FIGO stage and presence of lymph node metastases.
Besides clinicopathological factors, cell biological markers could be of potential clinical
relevance. Investigating cell biological markers might lead to identi cation of poten-
tial targets for therapeutic intervention, which in combination with standard treatment
may improve survival rates, without causing a major increase in toxicity. Furthermore,
cell biological markers could be helpful in predicting presence of pelvic lymph node
metastases, response to chemoradiation and prognosis in the individual patient (16).

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

Outline of the thesis

Over the last years, many cell biological markers have been studied in relation to sur-
vival and/or response to (chemo)radiation in locally advanced cervical cancer. Especially
markers involved in tumorigenesis and tumor progression, such as genes associated with
apoptosis, angiogenesis and cell growth have been investigated extensively. As the focus
of improving survival is nowadays on targeted therapies, knowledge about the predictive
and prognostic signi cance of various markers may help to determine potential targets
for therapeutic intervention. e aim of chapter 2 was to identify prognostic cell bio-
logical markers in cervical cancer patients primarily treated with (chemo)radiation and
to review their potential application in treatment of advanced stage cervical cancer. A
systematic review of well-documented studies on the prognostic and predictive value
of cell biological markers comprising ≥50 cervical cancer patients, primarily treated by
(chemo)radiation was performed.

Several pathways have been identi ed of which a relation with survival is suggested.
Epidermal growth factor receptor (EGFR) is involved in the ErbB signaling pathway,
which is often dysregulated in cancer. Autophosphorylation of EGFR leads to activation
of two downstream pathways: the Ras/Raf/MEK/ERK pathway and the PI3K/AKT
pathway. PTEN (Phosphatase and Tensin Homolog Deleted on Chromosome Ten)
acts as a tumor suppressor gene by inhibiting phosphorylation and thereby activation
of AKT (17,18). Both downstream EGFR pathways have been shown to be involved
in processes associated with carcinogenesis and tumor progression, such as inhibition
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of apoptosis, cell migration, cell growth, and angiogenesis (19). However, the prog-
nostic signi cance of different components of the EGFR pathway in cervical cancer
is equivocal, due to small, heterogeneous (frequently a mix of primarily surgically and
radiotherapeutically treated) patient populations and methodological differences in im-
munohistochemistry. erefore, the aim of chapter 3 was to determine the relation
between expression of proteins involved in the EGFR pathway (EGFR, phosphorylated
(p)EGFR, PTEN, pAKT, and pERK) and survival in a well-documented series of early
stage cervical cancer patients. For this purpose, immunostaining was performed on
tissue microarrays (TMAs) that contain tumor tissue of 336 consecutive early stage (Ib-
IIa) cervical cancer patients primarily treated by radical hysterectomy and pelvic lymph
node dissection.

Development of metastasis is a complex, multistep process (20). Little is known
about biological pathways involved in cervical cancer lymph node metastasis. A bet-
ter understanding of the molecular mechanism of lymph node metastasis in cervical
cancer might contribute to individual treatment strategies. erefore, in chapter 4 the
aim was to identify cellular tumor pathways associated with pelvic lymph node metas-
tasis in early stage cervical cancer. To identify such pathways, expression array analysis
(Affymetrix U133 plus 2.0) was performed on a well de ned series of tumor tissues of
20 cervical cancer patients with histologically con rmed pelvic lymph node metastases
vs. 19 patients with histologically and clinically con rmed negative lymph nodes. Also
individual genes differentially expressed between lymph node positive and negative pa-
tients were identi ed. Potential markers representing the predictive value of pathways
were validated in a consecutive series of 274 early stage cervical cancer patients by im-
munohistochemistry on TMAs.

Tumor resistance to (chemo)radiation can be caused by loss of the ability of tumor
cells to go into apoptosis. e extrinsic apoptotic pathway is initiated by activation of
death receptors (DRs) expressed on the cell membrane. Apoptosis is triggered by the
binding of speci c TNF super family ligands, such as binding of tumor necrosis fac-
tor–related apoptosis inducing ligand (TRAIL) to its receptors DR4 and DR5 (21,22).
Preclinical data indicate a synergistic effect on apoptosis between irradiation and re-
combinant human (rh)TRAIL in cervical cancer cells (23), making the TRAIL death
receptors interesting drug targets. For targeting death receptors, presence of death re-
ceptors on cervical cancer cells is required. In chapter 5 protein expression of DR4,
DR5, and TRAIL in cervical cancer was studied and their prognostic and predictive
value was determined. Immunostaining of DR4, DR5, and TRAIL was performed on
TMAs containing 645 FIGO stage Ia2-IVa cervical cancer patients.
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As mentioned previously, the EGFR pathway is involved in processes associated with
carcinogenesis and tumor progression, such as inhibition of apoptosis, cell migration,
cell growth, and angiogenesis (19). More recently, activation of the EGFR signaling
pathway has been reported to induce resistance to
(chemo)radiation in cancers (24,25). is indicates that EGFR targeted agents in ad-
dition to standard (chemo)radiation might improve treatment efficacy. erefore, in
chapter 6 the prognostic and predictive signi cance of EGFR pathway members (EGFR,
pEGFR, PTEN, pAKT, and pERK) was studied in 375 consecutive FIGO stage Ib-IVa
cervical cancer patients, primarily treated with (chemo)radiation.

During radiotherapy, DNA double strand breaks (DSBs) are introduced to cause cell
death. e response to radiotherapy is in uenced by proteins that are involved in signal-
ing and repairing DSBs. Ataxia telangiectasia mutated (ATM) is a key protein in DSB
signaling (26). In response to DSBs, ATM is activated through auto-phosphorylation
and this results in a signaling cascade which leads to DNA-repair (27). Until now, the
role of ATM in response to radiotherapy in cervical cancer has only been investigated
in vitro. ese studies showed that ATM downregulation results in radiosensitization of
cervical cancer cells (28,29). Protein expression of non-phosphorylated ATM (nATM)
and phosphorylated ATM (pATM) has not been studied before in cervical cancer. e
aim of chapter 7 was to examine the role of immunostaining of nATM and pATM in
response to (chemo)radiation and survival in the same well-documented series of 375
consecutive cervical cancer patients, primarily treated with (chemo)radiation.

Finally, in chapter 8 a summary of the results is presented and future perspectives
are discussed and chapter 9 is a summary of the thesis in Dutch.
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