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Stellingen behorend bij het proefschrift
TRAILs towards improved cervical cancer treatment

1. Om het effect van de bestraling op cervixcarcinoom goed te beoordelen dient er in
toekomstig onderzoek voor histologisch subtype gestratificeerd te worden. (dit
proefschrift)
2. Bestraling geinduceerde apoptosis wordt versterkt door het "targetten" van de
proapoptotische TRAIL-receptorenDR4 ofDR5. (dit proefschrift)
3. Het feit dat radiotherapie tot verhoogde celmembraan expressie vanDR5 leidt, is
niet de verklaring voor het extra effect van rhTRAIL. (dit proefschrift)
4. Bij cervixcarcinoom patienten dient er screening naar cardiovasculair
risicofactoren plaats te vinden. (dit proefschrift)
5. Bij het bepalen van follow-up strategieen voor kankeroverlevers dient er rekening
mee gehouden te worden dat bestraling geinduceerde toxiciteit geen plateau fase
bereikt.
6. De ergste bijwerking van antitumor behandeling is geen werking.
7. Craniospinale-as bestralingen zouden bij voorkeur met protonen moeten
plaatsvinden.
8. If the basic molecular and cellular mechanisms are relevant to the cancer cell,
how can they not be relevant to the ''radiation" oncologist. (adapted from C.N.
Coleman)
9. Een 36-urige werkweek betekent per week maar 1 ½ dag werken.

10. Het is bekend dat radiotherapie bij mammacarcinoom effectief is maar er is nog
weinig bekend over de werking.
11. The only time you can't afford to fail is the last time you try. (Charles Kettering)
12. Antilliaanse probleem jongeren schrijven ook proefschriften. (dit proefschrift)
John H. Maduro, Groningen, september 2009
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GENERAL INTRODUCTION

Chapter 1

Cervical cancer is worldwide one of the most deadly cancers in women. Developing
countries have the highest incidence and mortality from cervical cancer. The annual
mortality rate caused by cervical cancer can be up to 34.6 deaths per 100,000 women.
Apart from the most important weapon in the battle against cervical cancer i.e. prevention
through screening and / or vaccination against human papillomavirus(HPV) also effort
is required to improve cervical cancer treatment results.
Standard treatment for cervical cancer varies per FIGO stage and patient related
factors. In general patients with non bulky(< 4 cm) FIGO stage IB and IIA are treated
with a radical hysterectomy and pelvic lymph node dissection. In case of prognostic
unfavorable factors surgery is followed by irradiation or chemoradiation. In patients
with cervical cancer FIGO stage > IIA or bulky disease (locally advanced) radiation
combined with chemotherapy is since 1999 standard of care. A meta-analysis comparing
irradiation to chemoradiation for cervical cancer showed a 12% improvement in overall
survival for the combination. The improvement in treatment results by the combination
therapy was paired with acceptable, more acute toxicity. Given the relative short follow
up, only limited data are available concerning long term side effects of the treatment.
Clearly mature long-term toxicity data are eagerly awaited.
The therapeutic window of the standard treatment with irradiation and / or
chemotherapy leaves little room for further increase of the doses of these modalities.
Over the last years several drugs have been developed which target cellular processes
deregulated in tumor cells. These drugs have often different toxicity profiles from
chemotherapeutic drugs, presenting them therefore as potentially attractive to combine
with standard treatment. One of the tentative molecular targets is the TNF Related
Apoptosis Inducing Ligand (TRAIL) pathway. Apoptosis is triggered upon activation
of the death receptors (DR) 4 (TRAIL-Rl/APO-2) and / or DRS (TRAIL-R2/KILLER/
TRICK2). Upon DR activation, an intracellular death-inducing signaling complex(DISC)
is formed composed of trimerized receptor molecules, recruited Fas-associated death
domain (FADD) and procaspase 8 molecules. Following DISC assembly, a caspase 8
initiated intracellular apoptotic cascade is activated, leading to cleavage of several protein
substrates in the cytoplasm and nucleus. It has also been shown that the recombinant
form of the natural occurring TRAIL and the agonistic antibodies against DR4 and 5 can
be safely administered to patients.
The aim of this thesis is to assess treatment related toxicity in cervical cancer patients
and to explore in preclinical studies the potential of targeting the TRAIL pathway to
improve antitumor effect of radiotherapy in cervical cancer.
-8-
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The improvement of treatment results with the introduction of chemoradiation in
the treatment of cervical cancer patients raises the relevance to gain insight in treatment
related toxicity of the different treatment options. Insights in long term toxicity can guide
changes in initial anticancer treatment. In chapter 2 a systematic review is presented
which reports on acute and late toxicity in cervical cancer patients who received
irradiation or chemoradiation. The literature was retrieved by a PubMed search of
reports published in English using the key words radiotherapy, cervical cancer, toxicity,
sequelae, gastrointestinal, urological, sexual, bone fractures, vascular, secondary
malignancies and quality of life. We also searched in the Cochrane database of systematic
reviews, analyzed review articles and textbooks addressing cervical cancer and toxicity.
Chapter 2a is a letter to the editor emphasizing treatment related toxicity of the cisplatin

with 5-fluorouracil regimen in cervical cancer patients and addressing the actual age of
the patients included in the randomized studies.
The introduction of chemoradiation as standard treatment for locally advanced
cervical cancer has raised concerns about long term toxicity for a number of reasons.
Platinum based chemotherapy, which is the standard in the treatment of cervical cancer,
has been associated with late vascular toxicity. It is therefore of special interest to
investigate if the combination of radiation and chemotherapy results in an increased
risk for cardiovascular risk factors and or events. In chapter 3 the cardiovascular toxicity
of cervical cancer patients treated in a single institution between 1989 and 2002 was
investigated. Cardiovascular follow up data of all patients treated for cervical cancer
with radiotherapy with or without chemotherapy at the University Medical Center
Groningen were collected through regular follow up or a written questionnaire to the
general practitioners. Results for myocardial infarction, hearth failure, angina pectoris
and cerebrovascular accidents were compared with general population rates by
calculating standardized incidence ratios. The cumulative incidences for cardiac events,
cerebrovascular accidents, thromboembolism and peripheral vascular disease were
determined.
In chapter 4 an overview is given of molecular pathways that can be targeted in order

to change the apoptotic balance in cervical cancer treatment. Data for this review were
identified by searches of PubMed, and the websites of the American Society of Clinical
Oncology(from 1995 to April, 2004) and American Association of Cancer Research(from
2002 to April, 2004) with the search terms "cervical cancer", "apoptosis", "EGF", "IGF",
"TRAIL", "COX", and "signal transduction". References from articles identified by the
above search strategy were also used. Papers published in English before December 2004,
were included.
-9-
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Chapters 5, 6 and 7 concentrate on the role of TRAIL in cervical cancer. In cervical
carcinogenesis, the p53 tumor suppressor pathway is disrupted by HPV E6 oncogene
expression. E6 targets p53 for rapid proteasome-mediated degradation. We therefore
investigated in chapter 5 whether proteasome inhibition by the proteasome inhibitor
MG132 could restore wild-type p53 levels and sensitize HPV-positive cervical cancer
cell lines to apoptotic stimuli such as recombinant human(rh) TRAIL. The HPV-positive
cervical cancer cell lines HeLa and SiHa were incubated with MG132 and rhTRAIL after
which the cells were stained with acridine orange to identify apoptosis by fluorescence
microscopy. Whether the intrinsic and or extrinsic pathways were activated was tested
by Western blot analysis of the proteins involved in those pathways. The role of p53
in MG132-induced DR surface expression as well as in MG132-induced sensitization
to rhTRAIL were studied in detail by flow cytometry, short interfering(si) RNA and
Western blot analysis.
In chapter 6 we investigated the potential of irradiation in combination with drugs
targeting the TRAIL receptors DR4 and DRS and their mechanism of action in vitro in
a cervical cancer cell line. RhTRAIL and the agonistic antibodies against DR4 and DRS
were added to irradiated HeLa cells. Effect was evaluated with apoptosis and cytotoxicity
assays, and studied at the protein level. Membrane receptor expression was measured
with flow cytometry. SiRNA against p53, DR4 and DRS resulting in downregulation of
the mRNA expression of the respective genes were used to investigate their function on
the combined effect of irradiation in combination with rhTRAIL.
An important requirement for targeting death receptors is the presence of DR4 and
DRS on the cervical tumor cells. Therefore we studied in chapter 7 the expression of
TRAIL, DR4 and DRS in the tumor and their prognostic value on disease specific survival
and response to radiotherapy in cervical cancer patients. Tissue micro-arrays were
constructed from tissue samples of 645 cervical carcinoma patients treated with surgery
or chemo-radiotherapy between 1980 and 2004. Immunohistochemical expression of DR4,
DRS and TRAIL in tumor tissue was scored and was correlated with clinicopathologic
variables and disease specific survival. Pathological response to (chemo-) radiation,
assessed by either cervical biopsies or routinely hysterectomy 6-10 weeks after completion
of treatment, was correlated with DR4, DRS and TRAIL expression.
The findings in this thesis are summarized and future perspectives are discussed in
chapter 8. Chapter 9 is a Dutch summary of the thesis. Chapter 10 is a Spanish summary

of the thesis.

-10-

ACUTE AND LONG-TERM 'FOXICITY
FOLLOWING RADIOr:I'HEitAPY ALONE OR IN
COMBINATION WITH CHEMO'FHERAPY FOR
LOCALLY ADVANCED CERVICAL CANCER

John H. Madu110, Elisabeth Pras,

Paoc HB Willemse and Elisabeflh G. de Vries

Cancer T11eait Rev. 2003;2!9:471-488

Chapter 2

Abstract

Randomised studies in locally advanced cervical cancer patients showed that cisplatin
should be given concurrently with radiotherapy, because of a better long-term survival
compared to radiotherapy alone. This increases the relevance of treatment related
toxicity. This review summarises the acute and long-term toxicity of radiotherapy
given with or without chemotherapy for cervical cancer. Acute toxicity (all grades) of
radiotherapy is reported in 61 % of the patients in the rectosigmoid, in 27% as urological,
in 27% as skin and in 20% as gynaecological toxicity. Moderate and severe morbidity
consists of 5% to 7% gastrointestinal and 1% to 4% genitourinary toxicity. Adding
chemotherapy to radiotherapy increases acute haematological toxicity to 5% to 37% of
the patients and nausea and vomiting in 12% to 14%. Late effects of radiotherapy include
gastrointestinal, urological, female reproductive tract, skeletal and vascular toxicity,
secondary malignancies and quality of life issues. For at least 20 years after treatment,
new side effects may develop. Gastrointestinal toxicity usually occurs in the first 2 years
after treatment in about 10% of the patients. The incidence of moderate and severe
urological toxicity can increase up to 10% and rises over time. Gynaecological toxicity
usually occurs shortly after treatment while skeletal and vascular toxicity can occur
years to decades later. Thus far, no increase in late toxicity has been observed after the
addition of cisplatin to radiotherapy. Finally, methods to prevent or decrease late toxicity
and therapeutical options are discussed. However, most randomised studies still have a
limited follow-up period.
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Introduction
Cervical cancer is a world-wide health problem, with a higher incidence among women
in low socio-economic classes, amongst whom there is a higher prevalence of human
papilloma virus, which is the main aetiological factor in its development. In several
developed countries, population screening and improved hygiene have lowered
mortality rates for cervical cancer [1, 2, 3 and 4].
The choice of treatment for cervical cancer depends on the stage of the tumour. For
the smaller tumours confined to the cervix (stages IA and IBl) the treatment consists
of surgery or radiotherapy, with 5-year survival rates of 80% to 95% [5, 6, 7 and 8]. For
the more advanced disease (stage IB2-IVA) the 5-years survival is less favourable with
radiotherapy as the sole modality. Therefore many attempts have been made over the
last decades to improve the treatment outcome in this group [9]. The tolerance of the
normal tissues in the pelvis was a major barrier for radiotherapy and combinations of
chemo- and radiotherapy were subsequently studied. Several phase II studies showed
promising results of radiotherapy and concurrent chemotherapy with 3-year survival
rates of 40% to 69% in stage III and IV tumours [10, 11, 12, 13, 14, 15, 16 and 17]. Since 1999,
five randomised trials have studied the addition of chemotherapy to radiotherapy and
showed better local control and survival for the combination [18, 19, 20, 21 and 22]. In one
study, performed by the National Cancer Institute of Canada, there was no difference
between radiotherapy alone or combined with cisplatin [23]. The positive results of the
other studies were supported by a meta-analysis, which showed an overall survival
benefit of 12% [24]. A Cochrane review published in 2002 concluded that concomitant
chemotherapy and radiotherapy appears to improve progression-free survival and
overall survival in locally advanced disease [25]. However, the reviewers also stated that
there was only sparse data available on long-term side effects. With this benefit in overall
survival in mind, it will be relevant to acknowledge the acute and long-term toxicity of
these combined treatment modalities.
This review will pay attention to the side effects in cervical cancer patients treated
with radiotherapy alone as well as plus chemotherapy, divided into acute and long
term sequelae. Studies described in this review are all in cervical cancer patients
unless otherwise indicated. The literature was retrieved by a PubMed search of reports
published in English using the key words radiotherapy, cervical cancer, toxicity, sequelae,
gastrointestinal, urological, sexual, bone fractures, vascular, secondary malignancies and
quality of life. We also searched in the Cochrane database of systematic reviews, analysed
review articles and textbooks addressing cervical cancer and toxicity.
-13-
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Toxicity scoring
The absence of a uniform classification system for reporting treatment morbidity has
resulted in a considerable inconsistency in the reporting of treatment complications
in cervical cancer patients [26, 27, 28 and 29]. Sismondi et al. reviewed the literature
regarding toxicity of the radiotherapeutic and surgical treatment of cervical cancer
between 1938 and 1986. From the 96 articles reviewed only 30 used a defined scale from
no less than 22 different classifications [26]. The wish for objective information concerning
prognosis and treatment related morbidity has created the need for a proper system for
recording and monitoring acute and late treatment-related morbidity. Various systems
for the description of morbidity have been developed, e.g., the Chassagne glossary
published in 1980 [30]. It describes morbidity in cervical cancer patients treated with
radiotherapy and combines subjective and objective symptoms and signs and specifies
whether symptomatic therapy is necessary. Complications are divided into three grades
of severity but do not discriminate between early and late occurrence and temporary
or lasting symptoms. In 1987 a French-Italian working group developed the Franco
Italian glossary(FIG) [31]. In this scoring system the maximal damage after treatment
is divided into four grades for each affected organ. Each grade is further subdivided
into a maximum of six subgroups. A subgroup includes several signs and symptoms. In
1998 Shakespeare et al. [32] reviewed papers using the revised FIG system. The authors
concluded that more than half of all toxicities could not be accurately graded because
it did not account for all complications nor allow grading of subjective assessments.
Pederson et al. [27] criticised the FIG because of the information loss when a specific
grading was used, and introduced the Danish AADK scoring system. This system allows
the registration of early and late morbidity, the type of complication and its first date
of appearance. The system scores the baseline incidence and the actuarial estimation
of complications [27]. Early morbidity was defined as a complication occurring within
3 months after radiotherapy and late morbidity as a complication diagnosed after that
period. The type of complication, its first date of appearance and the required therapy
were recorded. Complications were graded as mild, moderate and severe.
In 1995 the international collaboration between the RTOG and the EORTC resulted in
the recommendation of the SOMA/LENT toxicity score. There was a general agreement
that Late Effects of Normal Tissue(LENT) toxicity should include five grades [33 and
34]. Grade 1 represents minor symptoms requiring no treatment, grade 2 moderate
symptoms requiring only conservative treatment, grade 3 severe symptoms requiring
-14-
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more aggressive treatment and grade 4 irreversible damage requiring major therapeutic
intervention. Grade 5 indicates fatality or loss of an organ or structure. The Subjective
Objective Management and Analytic (SOMA) scales have been designed to allow the
acquisition of data related to signs and symptoms by different methods. The SOMA
scales monitor the response of organs and tissues included in a target volume and hence
at risk to be damaged.
After the agreement on the SOMA/LENT scoring system in 1995 it has been suggested
that a trial period should precede the validation and final recommendations. The SOMA/
LENT scoring system has not yet been officially validated. Nowadays the classifications
most used are the RTOG/EORTC, LENT/SOMA, European, WHO, French/Italian, AADK
and the Common Toxicity Criteria (CTC) [35 and 36]. Their basic features and limitations
are summarised in Table 1. The CTC 2.0 grading is currently endorsed by a number
of large organisations such as the EORTC, NCI and RTOG. An advantage of the CTC
grading system is the fact that it covers the toxicity caused by radiotherapy as well as
chemotherapy. For the late radiation toxicity the RTOG/EORTC late toxicity criteria are
available for all major organs [37]. Despite many efforts, a single scoring system for early
and late morbidity has not yet been adopteMost of the complication rates are quoted in
the literature as the ratio between the number of patients who developed complications
and all patients who received a certain treatment. Pedersen et al. and Eifel et al. [27 and 38]
used the actuarial estimation of complications based on the Kaplan-Meier methodology.
Peters et al. [39] discussed the difference between the recording of the actual frequencies
of complications and the use of an actuarial estimation based on the Kaplan-Meier
methodology. In cases with a poor survival rate the actuarial estimates of the probability
of late complications may markedly exceed the crude incidences. The magnitude of
the discrepancy increases with tumour stage, because survival is inversely related to
stage. Caplan et al. [40 and 42] indicated that the Kaplan-Meier method overestimates
the probability of late complications when there is a high mortality rate. However, the
actuarial estimates for reporting late complications was strongly advocated by Bentzen
et al. [41], who consider the actuarial method as a minimum requirement for reporting
radiation therapy outcome. For proper interpretation of studies that report toxicity it is
important to take these aspects into account.

-15-
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Table 1 . Scoring systems used for treatment complications of (chemo) radiotherapy for
cervical cancer
1\� t\UJltl,er
�ar �li )lllfficatiot:u
158 (1981)

WHO

Derived from a system used in Focuses on early
reactions; not well suited
medical oncology.
for radiotherapy.

European

Focuses on end-points rather
than organs; attempts to
break down scores in specific
symptoms, thus allowing
retrospective re scoring of
grades.

Based on previously
published systems; still
under evaluation.

159 (1989)

French/Italian
Glossary
(FIG)

Aimed at treatments for
gynaecological cancer;
also suitable for surgical
complications.

Mixes various end-points
for the same organ.

31 (1993)

AADK

Aimed at treatments for
gynaecological cancer.

Mainly based on medical
interventions to relieve
treatment-related
morbidity.

27 (1993)

LENT/SOMA

Very comprehensive; scores
subjective symptoms, objective
signs, and laboratory test
results.

Not Gl.ear how various
expressions of damage
should be combined into
a single grade; needs
validation.

33, 34 (1995)

RTOG/EORTC

Very comprehensive; available Mixes various end-points
for the same organ.
for all major organs that may
be injured by radiotherapy;
proved to be feasible.

CTC version 2.0 Very comprehensive; more than Focuses on acute
260 individual advense events. reactions. Lengthy
Dynamic document. Applicable document.
to multiple modalities.

37 (1995)

36 (2000)

Adapted from: Basic clinical radiobiology [35]

Radiotherapy and relationships of radiation dose with anti-tumour effect
and morbidity
A larger treatment volume and a higher radiation dose raises the probability of tumour
control but results in more treatment sequelae [43, 44, 45, 46 and 47]. Currently standard
radiation treatment of the pelvic region consists of a four-field box technique for the
external beam radiation treatment followed by a minimum of two brachytherapy
applications [48 and 49] . The overall treatment time should be 55 days or less [50, 51, 52

- 16 -
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and 53], and the total dose to point A should be at least 80 Gy [44, 45 and 54]. Standard
lateral radiation fields can result in marginal misses in 24% of the cases. It is therefore
advised to change the dorsal side of the lateral radiation field from the line traversing the
S2-S3 vertebral interspace to a line vertical to the most dorsal part of the sacrum [55 and
56]. More accurate however is the use of a CT planning system.
Acute toxicity is currently defined as toxicity which occurs during or up to 90
days after radiotherapy. The distinction between acute and late toxicity is based on
the a/� ratio of the linear-quadratic model. This is a mathematical model in which the
radiotherapy effect is a linear-quadratic function of the dose [46]. Most tumours and
fast dividing normal tissues have a high a/� ratio. For the toxicity of normal tissues this
means that acute toxicity will be observed in tissues where the a/� ratio is high and that
late toxicity is especially the result of the damage of tissues with a lower a/� ratio. This
assumption suggests that late toxicity is due to different pathophysiologic mechanisms
to those associated with acute toxicity.
Acute toxicity of radiotherapy
The treatment morbidity in 442 patients, who received radiotherapy for cervical cancer
between 1974 and 1984, was retrospectively studied [57]. Early morbidity, scored according
to the AADK toxicity criteria, was most frequently seen(61 %) in the rectosigmoid with
proctitis, tenesmus, diarrhoea, fistula, stenosis and ulceration. Toxicity within the
urinary bladder such as cystitis, fistula, ulceration and contracted bladder occurred in
27% of the patients, local dermal toxicity(edema, erythema, pigmentation, fibrosis and
ulceration) in 20% and gynaecological morbidity with vaginitis, dryness, narrowing,
shortening, dyspareunia, necrosis or ulceration of the cervix, uterus infection, pyometra,
hematometra, perforation of the uterus and necrosis of the uterus were seen in 12%.
Early morbidity required medication in 68% and hospitalisation in 10% of the patients.
Severe early morbidity was observed in 2% of the patients [57]. In another study toxicity
was analysed in 398 patients treated with radiotherapy between 1975 and 1993, 60 of
the treated patients were over 70 years of age. The tolerance and outcome of the elderly
patients(median age 77 years) was compared to the non-elderly(median age 52 years).
The toxicity was divided into gastrointestinal (diarrhoea, abdominal cramps and pain,
proctitis), genitourinary(frequency and dysuria) and cutaneous(desquamation). There
was no difference in gastrointestinal toxicity grade 2 to 3 between the elderly and the non
elderly population(7% versus 6%). The elderly experienced grade 2 to 3 genitourinary
toxicity in 0.5% and in 5% a cutaneous reaction occurred. In the 'non-elderly' patients
- 17 -
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those percentages were zero [58]. In this study age was not per se related to a higher
degree of radiotherapy toxicity [58].
Table 2 summarises the moderate and severe acute radiotherapy toxicity and shows
that acute radiotherapy induced toxicity is mainly gastrointestinal.
Table 2. Moderate and severe acute toxicity of single modality radiotherapy
§Ir,.

Hf"stetecfomy

RT

aT

Kr

(19)

(18)

(22)

(2-3)

(158)

(149)

193

186

116

U6

398

25

1

2

Kr
Referenee

Fatienl'.$ (:a�
Toxicity (any grade)

- Hematological NOS* (%)

Hrs�,

- Thrombocytopenia (%)

,1,RT

0
0

0

- Leukopenia (%)

1

0

- Anemia (%)

0

0

- Genitourinary (%)
- Renal failure (%)
- Cutaneous (%)

0

3

1

2

- Neurological (%)

- Gastrointestinal* (%)
- Diarrhea (%)

- Nausea and vomiting (%)
- Nausea (%)

1

0

0

5

1

0

5

1

4

0

7

6

1
2

- Vomiting (%)

2

- Abdominal pain (%)
- Bowel and rectal abnormalities (%)

2

- Bowel and rectal abnormalities (%)

1

0

1

1

4

1

1

4

*not otherwise specified
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Late toxicity of radiotherapy
General

Historical data report a 5% chance of developing late pelvic complications following
curative intra-cavitary and external beam radiotherapy.
In a patterns of care study, 564 charts of patients treated with pelvic radiotherapy
in 1978 were analysed for survival, site of recurrence and complications. The median
follow-up was 47 months. There was an increase in major complications with increasing
tumour stage and decreasing Karnofsky score. Prior laparotomy was also associated
with a higher complication rate [48]. A study in 1,383 patients treated with radiotherapy
between 1970 and 1981 with a minimum follow-up of 5 years, showed that 14.5% of
the patients treated before 1980 experienced severe complications(using a three grade
scale) compared to only 3.5% in the period after 1980(when the treatment protocol was
changed from AP-PA fields into a four-field box technique), without any difference
in local recurrence [59]. Perez et al. [43] reviewed the records of 1456 patients treated
with radiotherapy between 1959 and 1993. Median follow-up was 11 years(range 3 to
30 years). Thirty patients received oral hydroxyurea (80 mg/kg every 3 days) and 68
patients 5-fluorouracil and cisplatin for a total of three cycles concomitantly with the
radiation therapy. The 98 patients who received chemotherapy had the same incidence
of late sequelae as the group as a whole. Moderate toxicity occurred in 9% to 10% and
severe toxicity in 5% to 10% of the patients. The most frequent moderate sequelae were
cystitis and proctitis [43].
Eifel et al. reported late complications in 1784 patients treated with radiotherapy for
FIGO stage 1B between 1960 and 1989. The incidence of major complications (greater
or equal to grade 3) in those alive after 3 years was 7.7% and 9.3% after 5 years. The
investigators retrospectively scored the toxicity using a five grade scoring system in
which grade 1 indicates acute transient toxicity and grade 5 complications resulting in
death. After 5 years they reported a small but continuously increasing incidence of 0.34%
per year of grade 3 or higher toxicity giving an actuarial risk of 14.4% after 20 years.
There was no correlation between the actuarial risk of developing major complications
and the patient's age at the time of treatment [38].
Gastrointestinal toxicity
Late gastrointestinal toxicity is especially attributed to vascular insufficiency (chronic
ischaemia) and fibrosis [60]. Clinically it can be difficult to precisely localise the site of the
gastrointestinal toxicity. Late radiation injury to the bowel can lead to phenomena such
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as malabsorption, small bowel obstruction, chronic proctitis and fistula formation. The
radiological findings in these patients are ischaemia and ulceration.
Table 3 summarises the late moderate and severe gastrointestinal toxicity after
radiotherapy for locally advanced cervical cancer. Although gastrointestinal toxicity can
occur up to many years after radiotherapy, most patients will develop symptoms during
the first 2 years after treatment. In a study of 145 patients who received radiotherapy
between 1979 and 1991, 23% developed moderate to severe gastrointestinal complications
with a median latency of 9 months [61]. In a more recent randomised Canadian study,
9% of the 126 patients experienced late gastrointestinal toxicity [Late radiation effects on
the small bowel can result in ulceration and inflammation causing absorptive mucosal
dysfunction and bacterial overgrowth. Several tests are available to measure small
bowel dysfunction. Testing faecal bile acid excretion and vitamin B12 absorption can
assess dysfunction of the terminal ileum. The lactulose-mannitol test can reveal mucosal
inflammation and dysfunction and the H2 breath test with glucose can indicate bacterial
overgrowth. In the small bowel, malabsorption and obstruction are the most common
complications. It occurs usually within the first 2 years after radiation, and affects 2%
to 3% of patients [49 and 62]. In an analysis of 1784 stage 1B patient records treated
with radiotherapy, small bowel obstruction was observed in 3.9%, 4.3% and 5.3% at
respectively 5, 10 and 20 years. Patients who underwent a laparotomy earlier had a higher
risk of developing small bowel obstruction [38]. Age did not affect the incidence of small
bowel toxicity [58]. In 442 patients treated with radiotherapy from 1974 to 1984 using the
AADK criteria, the 5-year actuarial estimate of small intestine toxicity was 4%, with a 1%
standard error of the estimate(SEE) [57]. The most common large bowel complications
are haemorrhage, rectal ulceration, proctitis and fistula; the average latency period
is 6 to 18 months [49 and 62]. Patients with radiation proctitis complain of tenesmus,
urgency, diarrhoea, constipation, anal sphincter dysfunction, mucoid or bloody rectal
discharge. They may occasionally present with an acute abdominal perforation. MRI, CT
and endo-echographic imaging show a lack of distension, with stricture and ulceration.
Mucosal changes such as pallor, erythema, teleangiectasia, and ulceration can be seen
by endoscopy. Chronic proctitis is diagnosed by exclusion of coexisting disease and
or tumour activity. In a retrospective study in 442 patients receiving radiotherapy by
two opposing fields the most frequent late toxicity was in the rectosigmoid. The 5-year
actuarial estimate of this late toxicity was 8% (SEE 2%), usually observed in the first
year after treatment [57]. Mitchell et al. [58] reported 6.8% grade 2 to 3 rectal toxicity
in a non-elderly group versus 8.1% in an elderly group. The median follow-up was 81
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months. However, grade 3 to 4 RTOG/EORTC rectal toxicity in 116 patients irradiated
for cervical and endometrial cancer between 1988 and 1998 reached only 0.8% [63]. In a
retrospective analysis of 183 stage I-III patients with a median follow-up of 85.5 months
(range 24.5 to 208), 28 patients(15.3%) developed late rectal toxicity(13 grade 1, three
grade 2 and 12 grade 3), comprising proctitis, rectal ulceration and fistula. One patient
specific factor(diabetes) and two treatment-related factors(point A dose and external
beam radiotherapy dose) were associated with a higher incidence of rectal sequelae;
age was not associated with late rectal toxicity [64]. Eifel et al. reported that the risk
of developing a severe rectal complication such as severe bleeding, rectal stricture and
rectovaginal fistula was 1% per year for the first 2 years after treatment; thereafter the
risk was 0.06% per year until 25 years after treatment. In total there were 47 fistulae in
41 patients, resulting in a risk of 3.1% at 20 years. The incidence of fistulae was higher
in patients who underwent an adjuvant extrafascial hysterectomy or a pretreatment
laparotomy [38].
Table 3: Moderate and severe late toxicity of single modality radiotherapy

Reference
.li'atients (til.)

(23)

09)

{61)

(68)

(:43)

(38)

(64\)

(6$)-

(48)

123

47

145

398

1,456

1,784

il.83

1 16

565

9

4

10

5

3

4

3

4

*
*
*
*

*
*
*
*

*
*
*
*

8

1

6

9

*
*
*
*

T@x,icity

- Small bowel (%)
obstruction (%)
malabsorption (%)
perforation (%)
- Large bowel or rectum (%)
Proctitis (%)
Rectal stricture (%)
Rectal ulcers (%)
Rectovaginal fistula (%)
- Genitourinary (%)
Hematuria (%)
Ouonic cystitis (%)
Vesicovaginal fistula (%)

*
*
*
*
*
*
*
*

10

7

2

*
*
*

*
*
*

*
*
*
*

*
*
*

*
*
*

10

*
*
*
*

9

*
*
*

*
*
*

<1

7

3

*
*
*
*

6

*
*
*

3

*
*
*
*

1

1

<1

<1

2

2

*

2

<1

*

1

4

*
*

1

*
*
*
*
*
*
*
*

*
*
*
*

*
*
*

2

11

1

1

* not otherwise specified

Treatment options for late radiation toxicity depend on the localisation. Diarrhoea
can be treated with loperamide or diphenoxylate with atropine. Several studies advise
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cholestyramine if the diarrhoea is caused by injury to the small bowel [65 and 66]. The use
of 3D-conformal radiotherapy or the use of a belly board device reduces the irradiated
volume of the bowel [67 and 68]. If, and to what extent this will lead to less toxicity is
still to be investigated. A low residual diet and stool softeners can manage mild cases of
chronic radiation injury [65 and 66].
Denton et al. [69] published a Cochrane review on non-surgical interventions for late
radiation proctitis. Some of the non-surgical treatments for radiation proctitis are: anti
inflammatory agents, sucralfate, formalin therapy, thermal coagulation and hyperbaric
oxygen therapy. Up to now there is no evidence that any one of those treatment options
is superior [69]. In some cases surgical diversion will be the only therapeutic option. In
the area of therapeutic intervention there is a lack of randomised data on the value of
interventions. Although advocated by some authors, it is not clear if the use of sucralfate
or mesalazine during pelvic radiation therapy will decrease acute and late bowel
discomfort [70, 71, 72 and 73].
Urological toxicity
Marks et al. [74] concluded in their review on urinary bladder, urethra and ureter response
to radiation, that acute and late bladder syndromes are two different syndromes. The
late bladder toxicity appears to be the result of damage to the vascular endothelial cells
[75, 76, 77 and 78]. Data on urological toxicity are summarised in Table 3. The risk of
developing severe urinary tract complications such as haematuria, ureteral stenosis and
vesicovaginal fistula is stated as 0.7% per year for the first 3 years and thereafter 0.25%
per year for at least 25 years. There is an actuarial risk at 20 years of 6.2% for grade 3
to 4 urinary toxicity [38]. One third of the patients developing late moderate bladder
morbidity did so within 1 year after radiotherapy. Another study showed a latency
period of 18 months [61]. The 5-year actuarial estimate of late morbidity for the urinary
bladder was 3%(SEE 1%) and for the ureter 2%(SEE 1%) [57]. Some bladder dysfunction
is seen in up to 25% of the patients within 1 to 10 years after radiotherapy [49 and 62]. In
the study of Mitchell et al. [58] in the non-elderly group, 5.6% of the patients experienced
grade 2 to 3 bladder toxicity versus 0% in the elderly group (p = 0.05). In four studies, two
prospective and two retrospective, moderate to severe urological complications varied
between 7% and 9% [19, 23, 61 and 63].
Several treatment modalities are applied to alleviate symptoms. Dysuria can be
managed with phenazopyridine hydrochloride [74]. Symptoms of reduced bladder
capacity, such as mild urinary frequency can usually be treated with antispasmodics
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such as oxybutynin, propantheline or imipramine [74 and 79]. Severe reduction in bladder
capacity not responding to pharmacotherapy can be managed with bladder augmentation
[74]. For urethral strictures endoscopic incision or open surgical repair can be performed
[74]. Haemorrhage is treated by cystoscopy and selective cauterisation followed by
irrigation with various agents such as alum, silver nitrate or dilute formalin (1 %) [69,
80, 81, 82

cystitis

and

83] .

[74, 80, 84

Hyperbaric oxygen is another treatment option for haemorrhagic

and 85] . Some patients may require bladder diversion if complaints

persist. Vesicovaginal fistulae may be corrected using a variety of surgical approaches
[74]. Severe cystitis not responding to above-mentioned management schemes might be
candidates for continent urinary reservoirs [74 and 80] . In the absence of controlled trials
it is currently not possible to draw firm conclusions regarding the success rate of the
several interventions for late radiation cystitis [80] .
Toxicity to the female reproductive tract
Rectovaginal or vesicovaginal fistulas occurring in 1% to 2% of the patients treated, are
one of the serious complications that can happen to the female reproductive tract. Other
toxicities though perhaps less serious can also have profound effects on the wellbeing
of the patient. A single institution study in patients treated with pelvic radiotherapy
demonstrated that many had difficulty with sexual adjustment following treatment [86].
Another study showed that half of the women experienced sexual dysfunction after
treatment

[87] .

Patients treated with radiotherapy experienced deterioration in sexual

interest in 49%, frequency of intercourse in 47%, arousal in 42%, lubrication in 46%,
orgasm in 49%, pain in 36%, and enjoyment in 47% [88]. In the seventies a study on
the late effects on sexuality of radiotherapy reported serious distortion in the anatomy
of the vagina in 80% of the patients corresponding with the same percentage of sexual
dysfunction [89]. In

31 %

of cervical cancer patients, vaginal stenosis was associated

with dyspareunia [90]. In 45 stage 1B and IIA patients a decrease in sexual function was
observed in 66% of the patients following radiotherapy versus 32% after surgery; this was
unrelated with age [91]. Physical changes correlated with sexual functioning, probably
due to the stiffened and fixed proximal vagina. A Swedish study compared the sexual
effects in women treated for early stage cervical cancer with a population control group
[92]. Surgery alone gave a relative risk (RR) of 2.8 for insufficient lubrication, a RR of 6.1
for reducing the vaginal length, and a RR of 7.1 for reduction in elasticity of the vagina,
for radiotherapy alone the RRs are, respectively, 1.5, 7.4 and 4.5.
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A single institution evaluation of patients treated with radiotherapy showed that 79%
of the patients had uncomfortable/ painful intercourse, 74% had a dry vagina, 79% had
a feeling of a shortened or narrowed vagina, 58% felt sad, disinterested or depressed,
42% feared recurrent cancer, 32% had feelings of being less desirable and 26% separated
from their partner [86] . Radiotherapy effects on the ovaries result in sterility and
endocrine insufficiency. Measurable endpoints of sexual dysfunction are: dyspareunia,
dryness, intercourse desire, intercourse satisfaction, vaginal stenosis / length, synechiae,
intercourse frequency and orgasm [86]. Randomised studies evaluating radiotherapy
with or without chemotherapy do not regularly report late effects on the female genital
tract. In 161 stage IB-IVA patients with a median follow-up of 37 months, proximal vaginal
narrowing of grade 1 was seen in 41% of the patients [93]. Eifel et al. [38] described mild
spotting in 9.9%, grade 2 toxicity such as dyspareunia, shortening of the vagina length by
< 5 cm or necrosis after > 3 months in 11% and grade 3 toxicity(severe bleeding) in 12%
of the patients. Most patients had mild asymptomatic apical vaginal atrophy. Vaginal
shortening correlated with age at treatment(1% < 40 years, 2.8% between 40 and 49 years
and 6% > 50 years). A French study in 204 stage I and II patients showed dyspareunia
in 12%, and vaginal atresia in 2% [94]. Perez et al. [95] found vaginal stenosis in 3.5% of
1198 stage IB-11B patients. In a randomised study in 715 endometrial cancer patients,
treated with surgery with or without postoperative radiotherapy(46 Gy) both groups
experienced 1% grade 1 with less than 1% developing grade 2 vaginal toxicity [96] . In 517
endometrial cancer patients treated with surgery with or without radiotherapy(external
beam or brachytherapy), the sexual toxicity was prospectively studied in a subgroup of
75 irradiated patients [97]. Vaginal stenosis was reported in 54.7%, irrespective of the
substitution of external radiotherapy for brachytherapy.
Grigsby et al. [86] have made some suggestions for the treatment of complications of the
female reproductive tract. Vaginal fistulae can be managed with antibiotics and periodic
debridement of necrotic tissue. In some cases diversion of the urinary or faecal stream
and delayed re-anastomosis will be necessary. For haematometra a hysterectomy can be
indicated. Hormonal replacement should be advocated in premenopausal patients with
ovarian dysfunction. Some general recommendations are personal hygiene, use of topical
and systemic hormones, vaginal lubrication and the use of a vaginal dilator or vaseline
tampon. Coitus in different positions could alleviate pain from sexual intercourse. In
case of sexual problems counselling should be recommended to the patient and partner.
A recent review summarises interventions to prevent and treat sexual dysfunction [98].
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Bone fractures
Osseous fractures occur following radiotherapy [99, 100, 101, 102, 103 and 104]. In a
retrospective study in patients with gynaecological cancers who received radiotherapy
to the pelvis between 1954 and 1992, the cumulative actuarial incidence of femoral neck
fracture was 15% at 10 years [99]. With current treatment techniques for cervical cancer
the femoral neck is usually lying outside the anterior-posterior and posterior-anterior
radiation fields. Two other studies reported pelvic fractures 5 years after radiotherapy
in 2.1% with endometrial cancer and 2.7% with vaginal cancer [105 and 106]. Of the 183
cervical cancer patients treated with radiotherapy between 1991 and 1994 at the Royal
Marsden Hospital in London, five had severe radionecrosis of the pelvis (2.7%) [102].
Tai et al. [106] emphasise that most of the pelvic fractures will heal if properly treated.
Bone mineral densities of the lumbar spine were measured in 40 cervical cancer patients
treated with radiotherapy and in 40 matched controls [107]. After 1 to 7 years there was
no difference in bone mineral densities between the two groups [107]. In a prospective
study in 18 cervical cancer patients treated with radiotherapy 16 showed changes on MRI
images that were compatible with fractures of the pelvis [102]. Ten patients complained
about pelvic pain, which subsided during the 30 months following radiotherapy. The
first lesions were most frequently seen between 3 and 12 months after radiotherapy
[102]. In 26.8% of the cases the lesions disappeared in the 30 month observation period
[102]. Out of 463 patients treated with radiotherapy eight developed pelvic insufficiency
fractures(1.7%). The onset of symptoms ranged from 7 to 19 months after radiotherapy
[108]. In all patients the pain resolved within 1 to 11 months with conservative therapy.
These data illustrate that pain in the pelvic region can be the result of fractures
following radiotherapy and do not necessarily have to be due to bone metastases or
recurrence of tumour in the pelvic area. Although never prospectively investigated,
recommended drug treatments are progestins, conjugated estrogens, calcium
supplements and bisphosphonates [100]. For symptom relief some authors recommended
nonsteroidal anti-inflammatory drugs [100 and 105].
Vascular toxicity
The assumed pathogenesis of radiation-induced vascular disease is an acceleration of the
normal, age-related atherosclerotic process [104, 109 and 110]. Several data are available
from other tumour sites. In 367 head and neck cancer patients treated with radiotherapy
there was a 3.8 absolute excess risk for developing an ischaemic stroke compared to the
general population with a median latency time of 10.9 years(range 1.3 to 21.0 years)
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[111]. Others report a 25% to 30% incidence of stenosis of the carotic artery following
radiotherapy for head and neck cancer. Only 9% to 1 2% of the patients with stenosis
experienced symptoms [112 and 1 13]. Head and neck cancer patients received a higher
dose of external beam radiotherapy compared to cervical cancer patients. Both patient
groups frequently smoke which will increase their risk for vascular toxicity. In a meta
analysis evaluating the long-term effects of radiotherapy on mortality from breast cancer
and other causes, an increased cardiovascular mortality was detected [114]. In the first
10 years after treatment the proportional excess of cardiovascular deaths was 1.32. In a
5-year cohort of patients treated 15 to 19 years earlier for breast cancer, the prevalence
of symptoms and objective evidence of circulatory insufficiency in the upper limbs
was studied. Fourteen percent of the patients treated with radiotherapy in addition to
surgery were symptomatic against 8% in those treated with only surgery. Of the patients
who received radiotherapy, 22% had evidence of arterial disease in the ipsilateral arm
versus 4% in the patients who received no radiotherapy [115]. Levenback et al. described
six patients with gynaecological cancers who underwent an amputation for arterial
occlusion. They consider arterial occlusion a rare complication and state that the presence
of malignancy, arteriosclerosis and thrombophilia contribute to this complication [116].
Intermittent claudication is the most frequent symptom of arterial occlusive disease
after radiotherapy for cervical cancer [117]. Four case series describe 21 patients
with atherosclerotic occlusive disease after radiation therapy for cervical cancer [116,
117, 118 and 119]. Perez et al. [45] found arteriosclerosis in 0.7% of the cervical cancer
patients treated with radiotherapy between 1959 and 1 986. In a retrospective study
in radiotherapy treated cervical cancer patients between 1 960 and 1989, the incidence
of long-term vascular toxicity was 0.5%; the actuarial risk at 5, 10 and 20-years was,
respectively, 0.1 %, 0.5% and 0.8% [38].
Cisplatin has been potentially associated with late vascular toxicity [120, 121 and
122]. It will be important to evaluate whether the combination of radiotherapy and
chemotherapy, in particular cisplatin, will result in more vascular toxicity.

Secondary malignancies
The most sensitive sites for cancer development associated with radiation exposure are
breast, thyroid and bone marrow [123]. An increased risk of solid cancer usually does not
appear until 10 years or more after radiation exposure and extends beyond 30 years after
such an exposure [124]. A number of studies have evaluated the effect of radiotherapy
for cervical cancer on secondary cancer development. In a single institution follow-up
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study of 830 patients, eight patients(0.98%) developed endometrial cancer 5 to 25 years
after radiotherapy [125]. Another study revealed a 0.6% incidence of endometrial cancer
[126]. In 8000 patients a 5.4-fold higher risk to develop uterine sarcoma compared to a
control population was observed [127]. 17% of the uterine malignancies in irradiated
patients were mixed mesodermal sarcomas; in non-irradiated women, only 5% of uterine
malignancies were sarcomas [128]. In a retrospective study in 1048 patients there was no
increased risk of developing second primary malignancies compared to the population
rates of cancer incidence of the Connecticut Tumor Registry [129]. In a large cohort of
86,193 cervical cancer patients, 49,828 were treated with radiotherapy [130]. Overall there
was a 20% increase in second cancers excluding cervical and non-melanoma skin cancers.
The RR of secondary cancer after radiotherapy was 1.2 compared to 1.1 in patients
receiving no radiotherapy. Patients with cervical cancer are at higher risk for other HPV
related tumours such as cancer of the vulva and vagina. Overall, the risk for cancer of the
vagina compared to non irradiated cervical cancer patients was not increased: irradiated
patients (observed/expected (0/E) ratio 10.6 for irradiated vs 19.7 for non-irradiated
patients). The same was found for cancer of the vulva(respectively 0/E ratio 4.4 vs 3.6).
In long-term survivors, however, up to 4 decades after radiotherapy, there was a gradual
increase in 0/E ratio per decade for cancer of the vagina(0/E ratio 4.8, 13.3, 15.6 and 39.4)
the vulva(0/E ratio 4.5, 3.8, 4.3 and 7,9) the bladder(0/E ratio 2.8, 2.8, 4.3 and 6.2) and
the rectum(0/E ratio 0.8, 1.8, 2.2 and 4.0), that was not found in non-irradiated patients
[130].
Quality of life
In 1995 Bruner and Wasserman [131] emphasised the importance of quality of life(a state
of complete physical, mental and social well being) in long-term cancer survivors. The
results in 118 patients treated for cervical cancer who completed a questionnaire about
health-related quality of live were compared with 236 healthy controls [132]. Patients
treated with radiotherapy for advanced stage cervical cancer did not reach the same
score on quality of life 2 years after treatment compared to a control group [132]. In
83 stage 1B patients treated with surgery, radiotherapy or a combination of both, only
40% resumed their full premorbid range and level of activity [88]. Psychological as well
as physical problems were highly correlated with sexual outcome [88]. Lutgendorf et
al. [133] prospectively investigated the quality of life and mood following treatment for

gynaecological cancers. A total of 98 patients were interviewed for four aspects namely,
quality of life with the functional assessment of cancer therapy, the mood with the Profile
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of Mood States, Coping Style by the coping orientation to problems experienced, and
finally social desirability by the 32 item Crowne-Marlowe Social Desirability scale [133].
During the first year following treatment quality of life and mood improved.
It is possible that psychological interventions directed to coping strategies can have
some effect on the well being of the cancer patients [133].
Chemotherapy
The most frequently used drugs in cervical cancer trials have been hydroxyurea, cisplatin,
carboplatin and 5-fluorouracil. We will shortly comment on the acute and late toxicity
of these drugs. Hydroxyurea interferes with DNA synthesis, by inhibiting the enzymatic
conversion of ribonucleotides to deoxyribonucleotides [134]. Hydroxyurea leads to cell
death in the S-phase of the cell cycle, which is the most radiation resistant phase [135]. In
two recent phase III trials the addition of hydroxyurea did not improve radiation results
[20 and 21].
The cytotoxic effect of cisplatin is related to the ability of binding and cross-linking
strands of DNA [134]. Inhibition of repair of sublethal radiation damage and hypoxic
cell sensitisation has been postulated as reasons for an additive effect of cisplatin to
radiotherapy [136, 137, 138 and 139]. Carboplatin appears to have a similar mechanism of
action as cisplatin [140].
5-Fluorouracil inhibits the enzyme thymidylate synthase and thus blocks DNA
synthesis [17]. In mouse models the combination of 5-fluorouracil and radiotherapy
resulted in an additive tumour response [141 and 142].
Acute toxicity of chemotherapy
The most common hydroxyurea toxicity is nausea, vomiting and reversible myelo
suppression.
Cisplatin toxicity is especially nausea, vomiting, mild to moderate myelosuppression,
nephro- and neurotoxicity(peripheral neuropathy, auditory impairment). The carboplatin
toxicity especially consists of myelosuppression. Nausea, vomiting and nephrotoxicity
occur to a lesser extent than with cisplatin. Toxicities related to 5-fluorouracil are
myelosuppression, nausea, vomiting, hand-foot syndrome, cardiotoxicity (arrhythmia,
angina, ischaemia and sudden death), neuro (cerebellar) toxicity (ataxia, nystagmus,
dysmetria and dysarthria) and mucositis of the gastrointestinal tract. Especially in
carriers of dihydropyrimidine dehydrogenase deficiency 5-fluorouracil can result in
severe or life threatening toxicity [143]. For all those agents toxicity is dose dependent,
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except in patients with a dihydropyrimidine dehydrogenase deficiency. In general,
moderate doses of chemotherapeutic drugs have been used in combination studies for
cervical cancer.
Late toxicity of chemotherapy
Hydroxyurea can be leukaemogenic [134]. Important late cisplatin side effects are
nephrotoxicity and neurotoxicity. Long-term toxicity data are mainly available from
male patients. There are suggestions that chemotherapy treatment influences the
cardiovascular risk profile [144, 145, 146 and 147]. Meinardi et al. [120] observed an increased
risk for occurrence of cardiac events(myocardial infarction and angina pectoris) in long
term survivors of metastatic testicular cancer patients treated with cisplatin containing
chemotherapy. Kollmannsberger et al. [148] report, in a review on late toxicity following
curative treatment of testicular cancer, a persistent reduction in glomerular filtration
rate of about 20% to 30%. Persistent peripheral neuropathy (paresthesia, dysesthesia,
numbness, tingling and vibratory sensation) symptoms have been reported in 20% to
40% and ototoxicity in 20% [147 and 148].
Acute toxicity chemo-radiation
Acute toxicity of chemo-radiotherapy for cervical cancer has been reported in several
phase II and III studies. Comparing the various studies is difficult because of the
differences in the chemotherapeutic regimens, the radiotherapy delivered and whether
or not an operation was performed. Table 4 summarises the acute toxicity of all the trials
mentioned below.
The main toxicity encountered during combined chemo-radiation is haematological
and gastro-intestinal. Leucopenia is reported to occur in 4% to 47%, especially after the
use of 5-fluorouracil continuously over 4-5 days [20, 21, 22, 149, 150 and 151]. Anaemia
and thrombocytopenia are not common, and the occurrence of granulopaenic fever is
seldom seen. GI toxicity mainly comprises nausea and vomiting, especially after the use
of cisplatin, in 9% to 12% of patients [10, 14, 18, 20, 21, 22, 23, 149, 150 and 152]. Diarrhoea
can be a problem after 5-fluorouracil and/or cisplatin in 8% to 10% [10, 22 and 152]. Renal
toxicity has not been a reason for stopping treatment in these studies [10, 14, 18, 20, 21, 22
and 23]. A delay of radiotherapy on account of acute toxicity during combined treatment
is seldom seen. Of the six prospective studies only the Peters study, using 5-fluorouracil
1000 mg/m2 continuously over 4 days as adjuvant after surgery, was a delay in radiation
seen. This was indicated in 38% of patients during radiotherapy alone versus 52% in the
combined treatmentarm [22].
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From these data it can be concluded that chemo-radiation causes more acute toxicity,
especially temporarily haematological and gastrointestinal toxicity, without leading to
delays in radiotherapy schedules. The cisplatin based regimens have shown the least
toxicity and appear to be just as effective as other combination studied [20]. It is only
in the adjuvant setting after surgery, that combinations of cisplatin with 5-fluorouracil
appear to induce more frequent radiation delays [22]
Late toxicity of chemo-radiation
This paragraph summarises the scarce available data on long-term toxicity for the
combined radiotherapy and chemotherapy treatment for cervical cancer(Table 5).
In a small pilot study with hyperfractioned radiotherapy in combination with cisplatin
and 5-fluorouracil, 10% of the patients experienced severe late gastrointestinal toxicity
(rectal bleeding, enterocutaneous fistula and small bowel obstruction) and 4% bladder
toxicity (bladder fibrosis) [150]. Another study, which combined hyperfractionated
radiotherapy and the same chemotherapy, resulted in an unacceptable high rate of late
grade 4 toxicity. At 36 months the cumulative incidence of grade 3 to 4 toxicity was 34%,
predominantly bowel toxicity. The authors suspect this to be the effect of the combination
of radiotherapy hyperfractionation and 5-fluorouracil [153]. Some toxicity can however
be explained by the larger paraaortic radiation fields. A phase II NCIC study showed
that cisplatin can be delivered concomitantly with standard radiotherapy. In this study
3.3% of the patients had grade 4 bowel toxicity but none experienced grade 3 or 4 bladder
toxicity at a median follow-up of 3.8 years [10]. Results of various phase I and II studies
in 200 patients with bulky cervical cancer treated with radiotherapy and 5-fluorouracil
with or without mitomycin C in sequential protocols have been summarised [17].
Mitomycin C led to serious complications such as bowel complications (obstruction,
stricture, perforation, bleedings requiring transfusion or the development of fistula) in
21.8% compared to 6.6% in those not receiving mitomycin C. The median time to develop
serious bowel toxicity was 8 months(1 to 29 months). Serious bladder toxicity(bleeding
requiring transfusion and fistula) occurred in 3% of the patients [17].
In a phase II study in 55 cervical cancer patients in which radiotherapy was
combined with cisplatin(20 mg/m2 for 5 days every 21 days), two patients developed
radiation proctitis, three rectovaginal fistulae, which in two patients was associated with
local recurrence, and one patient developed a vesicovaginal fistula [154]. In a review
concentrating on urological toxicity following radiation with or without chemotherapy
for cancer of the bladder, prostate and cervix, the authors report that the incidence of
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severe complications of the combined treatment ranges from O to 15%. For cervical cancer
they reported a clinical complication rate of 5% to 10% following a maximum bladder
dose of 65 to 75 Gy, and 10% to 20% for more than 80 Gy [74] .
Table 5. Moderate and severe late toxicity of combined modality treatment
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2
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RT= radiotherapy, Cis= cisplatin, 5-FU= 5-fluorouracil, Mit-C = mitomycin C, ST = standard
* Phase II study
** Phase III study

A randomised study has compared radiotherapy plus hydroxyurea with radiotherapy
plus cisplatin and 5-fluorouracil. The late 'major complication rate' at 3 years for the
hydroxyurea group was 16.2% against 16.5% in the cisplatin plus 5-fluorouracil group
[21]. In a phase III trial in 259 patients comparing radiotherapy with radiotherapy plus
cisplatin at a median follow-up of 82 months, no difference was seen in late toxicity
between the two arms [23]. The late complications in a randomised trial, with a median
follow-up of 43 months, in which one arm consisted of only extended field radiotherapy
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and the second arm of pelvic radiotherapy in combination with cisplatin and
5-fluorouracil, did not differ between the two groups [19]. At the 44th ASTRO meeting the
authors presented an update after a follow-up of 5.8 years in which the treatment-related
toxicities were still the same in both treatment arms [152]. It is not yet possible to make
firm conclusions on the additive effect of chemotherapy on late toxicities of radiotherapy.
Based on the current available data the late gastrointestinal and urologic toxicity seem to
be comparable in patients treated with or without concomitant chemotherapy.

Discussion
The addition of chemotherapy to radiotherapy in the treatment of locally advanced
cervical cancer has resulted in an improved survival of these patients [18, 19, 20, 21, 22
and 24]. The better the survival, the more relevant is an understanding of long-term
toxicity of combined treatment. Data are increasingly becoming available on long-term
side effects following radiotherapy alone. The chance to suffer from side effects over
time is illustrated in Figure 1. Figure 1 is a summary of the available data in an attempt
to show the time relation for toxicity. Up until 20 years post treatment new side effects
can develop. There are few studies that address all long-term toxicities and it is therefore
unknown whether certain patients are extremely sensitive to develop several major
long-term toxicities. The addition of chemotherapy to radiotherapy may theoretically
increase the risk to develop late toxicities. For both treatment modalities separately late
side effects are known. The available data until now do not yet suggest more late side
effects of the combination. However, the median follow-up for these studies is only 35 to
43 months although a recent update of one of these studies after 68 months still shows no
difference in both arms [152].
When trying to apply the results of clinical trials to day-to-day practice we encountered
the problem that there may have been a selection bias in the patients entered in clinical
trials [143]. The SWOG showed that cervical cancer patients entering their randomised
studies do not mirror the population as a whole. Only 7% of the study patients were
older than 65 years compared to 24% in the US cervical cancer patient population [155].
Cancer registrations in the Netherlands report 32% to 36% of the patients to be older than
60 years [156 and 157]. Therefore the results of the different studies may not be applicable
to the population as a whole.
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For the future it will be of major importance to register late treatment side effects
consistently. Studies directed at circumvention or alleviation of symptoms due to these
side effects are of major interest. Hopefully modern laboratory technologies may in the
future be able to predict which toxicities are most likely to occur and which patients will
benefit from treatment. This might help to develop patient tailored therapy, directed at
best antitumour activity and least long-term side effects.
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Figure 1. Late radiotherapy toxicity in time
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We are concerned about the wider use of some regimens studied by John Green and
colleagues [1] in the general population.
We have encountered several difficulties with cisplatin and adjuvant radiotherapy,
with four cycles of cisplatin 70 mg/m2 and a 96 h infusion of fluorouracil 1000 mg/m2 . Of
four patients, we lost one because of cardiac arrest, and another elderly patient developed
severe radiation enteritis. Two young patients tolerated this regimen without severe
adverse effects.
SWOG [2] has reported that patients entering their randomised studies do not mirror
the population as a whole, but are selected for age and performance status. For cervical
cancer the researchers showed that only 7% of study patients were older than 65 years
but represent 24% of cervical-cancer patients in the USA [2]. In a Dutch cancer registry,
32% of cervical cancer patients were older than 60 years of age which coincided with
comorbidity in 45% [3]. In Peters and colleagues' study [4 ], the median age of participants
was 41 years (range 20-74 years), whereas the median incident age is about 50 years for
cervical cancer in the Netherlands. In that study, diarrhoea was absent in 40% of patients
in the combination group and in 45% of the radiotherapy-only group. Admissions for
adverse effects were not reported, but only 60% of patients completed four cycles.
In our opinion, side-effects of radiation plus chemotherapy are probably under-rated
and understated, mainly because of selection of patients. Fluorouracil is a constituent
in most combined chemotherapy and radiation studies in cervical cancer. Its attribution
to the overall treatment result is unclear, but it adds an extra burden to the small
bowel, compromised already by radiotherapy [4]. Use of a critical dose of 1000 mg/m2
fluorouracil daily raises the chance of severe or life-threatening diarrhoea, especially in
carriers of dihydropyrimidine dehydrogenase deficiency. Since the contribution of fluo
rouracil is unclear and possibly detrimental, and since it demands admission for 96 h
continuous infusion, it should be applied with some reserve in standard regimens. Age
by itself should be no contraindication for combined treatment per se, since fluorouracil
can successfully be used in elderly patients for the adjuvant treatment of colorectal
cancer, albeit without radiotherapy and with caution in case of comorbidity [5].
New studies should be directed to finding more convenient regimens that can be
given as outpatient treatments, such as with carboplatin as an alternative for cisplatin.
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Abstract

Purpose: To evaluate the risk of cardiovascular events(CVE) in patients with cervical
cancer treated with radiotherapy or chemoradiation.
Patients and Methods: The incidence of CVE in patients treated between 1989 and 2002
by radiotherapy or chemoradiation was compared with a Dutch reference population.
Standardized incidence ratios (SIRs) were calculated for myocardial infarction (Ml),
angina pectoris (AP), congestive heart failure (CHF), cerebrovascular accident (CVA)
separately and for any cardiac event combined(MI, AP and CHF). Results In 277 patients
with a median follow-up of 4.5 years(range 0.1 to 17 years) and a median survival of 9.2
years, 27 cardiac events occurred. The 5, 10 and 15 year actuarial incidence of any cardiac
event were 9, 14 and 16%, respectively. For the whole population the SIR for MI was
elevated(2.05, 95% Cl: 1.12-3.43). The radiotherapy group(n = 132) was older and had
more cardiovascular risk factors than the chemoradiation group(n = 145).The SIR for MI
in the radiotherapy group was 2.88(95% CI: 1.44-5.15) and in the chemoradiation group
1.00(95% CI: 0.21-7.47). In multivariate analyses there was no relation between treatment
modality and the risk for Ml.
Conclusion: In this cohort of cervical cancer patients treated with radiotherapy or
chemoradiation an increased risk for developing a MI was observed. This increased risk
of MI, in combination with the high prevalence of cardiovascular risk factors in cervical
cancer patients urges the need to explore strategies to reduce their risk for cardiovascular
morbidity.
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Introduction
Currently the standard of care for patients with locally advanced cervical cancer is
concomitant radiotherapy and platinum based chemotherapy. Based on randomized
studies which showed a 12% benefit of the addition of chemotherapy to radiotherapy,
this combination has been implemented since 1999 [1]. As a consequence the proportion
of long-term survivors is rising which subsequently increases the concern for late
treatment-related morbidity.
The data available on late toxicity of radiotherapy for cervical cancer mainly
concentrates on gastrointestinal and urogenital toxicity [2].Until now no increased late
toxicity has been reported after chemoradiation compared to radiotherapy alone [2, 3
and 4]. Besides data on venous thromboembolic events [5] and a few reports addressing
the occurrence of peripheral artery disease [6, 7 and 8], little information is available with
regard to cardiovascular toxicity in this setting. Late radiation induced vascular effects
are characterized by capillary collapse, thickening of basement membrane, scarring
of the surrounding tissue and loss of clonogenic capacity resulting in various types of
functional damage [9, 10 and 11]. Radiotherapy to the chest and the head and neck region
results in increased cardiovascular morbidity [12 and 13]. In addition chemotherapy can
potentially affect the vasculature by damaging the endothelial cells. Cisplatin-containing
chemotherapy, which is the chemotherapy of choice in cervical cancer treatment,
administered to testicular patients results in an increased risk for cardiac events and
persisting unfavorable cardiovascular risk profiles [14 and 15]. Since chemoradiation has
currently become the standard of care, we hypothesized that long-term cardiovascular
side effects in cervical cancer patients may occur more frequently. The objective of this
study is to estimate the incidence of cardiovascular events (CVEs) in a large single
institution cohort of cervical cancer patients treated with radiotherapy or chemoradiation
and to compare these incidence rates with the expected rates in the general population.
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Patients and methods
Patients and data collection
Patients
This retrospective study population consisted of all consecutive patients with cervical
cancer treated with primary or postoperative radiotherapy or chemoradiation between
1989 and 2002 at the University Medical Center Groningen. In general, the indications
for primary radiotherapy were cervical carcinoma FIGO Stage IB2(> 4 cm), stage IIA
(> 4 cm), and all stages 11B-IVA and patients not suitable for surgery. Indications for
postoperative radiotherapy were patients with positive lymph nodes, invasion of the
parametria and close or positive surgical margins after a Wertheim-Meigs operation.
Additional eligibility criteria for this analysis were complete post-treatment follow-up
data regarding outcome and CVEs.

Treatment
Radiotherapy
Radiotherapy was delivered by a linear accelerator using a box technique planned on a
3-plane contour. Radiation was given in 1.8 Gy daily fractions, five days per week for a
total dose of 45 Gy. After completing external beam irradiation, an examination under
anesthesia was performed and if technically feasible a standard applicator positioned.
Low dose rate brachytherapy was delivered with a dose of 17.5 Gy to point A. After
one week, a second course of brachytherapy was given to a cumulative dose of 35 Gy.
If brachytherapy was impossible or inappropriate in case of tumor extension into the
parametria or lymph nodes, patients received an additional external boost of 25.2 Gy
over three weeks for a total dose of 70.2 Gy. Patients treated post-operatively received 45
Gy to the pelvic area using the same technique as described above.
Chemotherapy
Between 1989 and 1994, patients received chemoradiation as part of a phase II study,
consisting of three cycles of carboplatin 300 mg/m2 on day 1, and 5-fluorouracil
600 mg/m2/day for 96 hours as continuous infusion, starting days 1, 29, and 57 during
radiotherapy [16]. Inclusion criteria were FIGO bulky stage 1B (> 4 cm) and IIA, stage
11B-IVA, age younger than 70 years, no past history of malignancy, no prior surgery,
radiotherapy or chemotherapy. Patients with WHO performance status 3 and 4 were not
eligible for chemotherapy treatment as were patients with WBC count < 3.0 x 109/L and/
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or platelet count < 125 x 109/L, creatinine clearance < 60 mL/min and patients with severe
cardiac or infectious disease. Between 1994 and 1999 the same chemotherapy was given
as part of a randomized phase III study, using the same inclusion criteria as used in the
phase II study, with the exception of age (< 75 ). Since 1999, chemoradiation consisted of
6 cycles of weekly cisplatin 40 mg/m2 combined with radiotherapy for all patients judged

by the medical oncologist to be able to undergo chemotherapy.

Surgery
As part of our institution policy till 1994, all operable patients in which resection was
possible underwent additional surgery (extra-fascial hysterectomy) 6 to 8 weeks after
(chemo-) radiation. After 1994 this policy was changed into additional surgery only
in case of viable tumor in the biopsy taken 6 to 10 weeks after completion of (chemo-)
radiation.

Data collection
Data were collected from the hospital medical records. In addition, the general practitioner
(GP) of each patient received a questionnaire on specific cardiovascular diagnoses and
risk factors prior and following treatment for cervical cancer. Data on date of birth, date
of diagnosis, FIGO stage, histology, treatment, pre- treatment cardiovascular events, pre
treatment cardiovascular risk factors, status and date of last follow-up, cause of death,
post-treatment cardiovascular events and corresponding dates, were collected. All
relevant data were retrieved from an existing database on cervical cancer patients into a
separate anonymous database. Inquiries on disease status and co-morbidity of patients
were part of routine follow-up care. The data were collected up to January 2007.

Definitions
The following CVEs were included in the analysis: myocardial infarction (Ml), angina
pectoris (AP), congestive heart failure (CHF), cerebrovascular accident (CVA), peripheral
arterial disease, and venous thromboembolic events. Ml, AP and CHF were also
combined as a composed outcome variable named "any cardiac event" . Hypertension
was defined as a systolic blood pressure > 150 mmHg, a diastolic blood pressure > 95
mmHg or the use of antihypertensive drugs. Patients without a known blood pressure
and without medication against hypertension were recorded as missing data. Diabetes
was defined as the use of any drugs against diabetes; all other patients were defined as
non diabetic. Hypercholesterolemia was defined as non-fasting total cholesterol level
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of

>

6.5 mmol/L or the use of cholesterol-lowering drugs. Patients without cholesterol

values and no medication against hypercholesterolemia were recorded as missing data.
The body mass index(BMI) was calculated by dividing the weight(kg) by height2(m).
Overweight was defined as a BMI > 30.0 kg/m2 • For 22.4% of the patients the height was
missing; therefore we introduced a new variable: estimated BMI defined as the patients
weight divided by the quadratic mean height (mean height of patients with known
height). In 214 patients we could compare the calculated with the estimated BMI. With
a cut-off point of 30 kg/m2 there was only a discrepancy in 8.9% of the patients. Because
of a high percentage of missing data(46%), hypercholesterolemia was excluded from all
analyses. To reduce the number of potential confounders we grouped the cardiovascular
risk factors, smoking, hypertension, DM and estimated BMI

>

30 kg/m2 to a composed

variable named "any cardiovascular risk factor". In case of a missing value in the absence
of the other risk factors we scored this variable as missing. Time at risk for cardiovascular
events began at the end of treatment and ended at the date of diagnosis of a specific
cardiac event, date of death, or date of last follow-up, whichever came first. Date of last
follow-up was defined as the last date on which the patient was known to be alive, or in
case of death the date of death.
Statistical Analyses
We compared the observed incidence of CVEs in the study population with the incidence
in the Dutch female population taking into account the person-years of observation in
the cohort. Age-, sex-, and calendar period-specific incidence data from the Continuous
Morbidity Registration Nijmegen [17], which are derived from several GP practices
representative for The Netherlands, were used as reference rates(expected incidence).
This registry has collected data on the incidence of Ml, AP, CHF and CVAs, allowing for
multiple separate diagnoses per person but recording only the first of a specific diagnosis
per person. To assess treatment effects on risk of cardiovascular disease, we also stratified
for radiotherapy and chemoradiation. The standardized incidence ratios(SIRs) of the
observed and expected numbers were calculated for MI, AP, CHF, any cardiac event
and for CVA. The 95% confidence intervals of the SIRs were calculated using the exact
Poisson probabilities of observed numbers. Absolute excess risk(AER) was calculated by
subtracting the expected number of CVEs in our cohort from the number observed and
divided by person-years at risk(expressed per 10,000 person-years).
The Cox regression analyses(SPSS 14.0 for Windows(SPSS Inc., Chicago, IL)) was
used to quantify the effect of radiotherapy or chemoradiation on cardiovascular events
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adjusted for confounders(age, pretreatment CVEs and cardiovascular risk factors). As
cardiovascular events were considered any cardiac event or MI(dependent variables).
The following potential risk factors were considered in the analyses: chemotherapy,
primary or post-operative radiotherapy, age(continuous variable), pretreatment cardiac
event and any risk factor. All potential risk factors were included in the multivariate
analyses. A two-sided P-value of < .05 was considered statistically significant. The
cumulative risk of CVEs was estimated using the Kaplan-Meier method.

Results
In the period between 1989 and 2002, 313 patients treated for cervical cancer were
eligible. Follow-up was complete for 277 patients(88%)(Figure 1). These 277 patients
were stratified in a radiation(n = 132) and chemoradiation(n = 145) group(Figure 1). The
patient and treatment characteristics according to treatment group are shown in Table
1. The radiotherapy group was older at diagnosis(median age 56.7 years vs 46.0 years)
and the pre treatment prevalence's of hypertension(40.2% vs 25.5%), DM(9.8% vs 2.8%),
hypercholesterolemia (20.5% vs 10.3%) and CVE (15.9% vs. 8.3%) were significantly
higher than observed in the chemoradiation group(Table 1). There were more smokers
in the chemoradiation group(Table 1).
With a median follow-up time of 4.5 years(range 0.1 to 17.0 years), the median survival
was 9.2 years. Total person years of follow-up for the whole population amounted to
1,670 years. At the date of last follow-up, 52% of the patients had died, of which 72.2%
due to cervical cancer and 8.3% due to cardiovascular events(Table 2).
The incidences of cardiovascular events are shown in Table 3. We observed 33 cardiac
events, 14 Ml, 10 AP and 9 CHF. These events were observed in 27(9.7%) patients. In
table 4, the SIRs of the CVEs for the whole study cohort and according to treatment are
listed. For the complete cohort, the SIR for MI was 2.05(95% CI, 1.12 to 3.43) yielding an
AER of 43 excess cases per 10,000 person-years. This increased SIR for MI was only seen
in the radiotherapy group [2.88 (95% CI, 1.44 to 5.15)] and not in the chemoradiation
group [1.00,(95% CI, 0.21 to 2.92)]. The risks for AP, CHF and CVA were not increased.
The SIR for any cardiac event was increased in the radiotherapy group(Table 4).

- 55 -

Chapter 3

Table 1 . Patient characteristics
Rt' tfil i= l�
Age at diagnosis (years)
Median (range)
Mean
Histology
Squamous cell
Adenocarcinoma
Other
FIGO stage

m
II

Treatment period
< 1999
> 1999
Treatment
Pr.imary RT
Post-operative RT
History of pre-treatment
Cardiovascular events..
Yes
No
Cardiovasoalair risk fact0ns
Hypertension
Yes
No
Missing
Diabetes
Yes
No
Hypercholesterolemia
Yes
No
Missing
BM) (calculated)
< 30.0 kg/m2
> 30.0 kg/m2
Missing
Smoking
Yes
No
Missing
Any risl< factor+
Yes
No
Missing

56.7 (26.9 - 85.9)
57.6
99 (75%)
23 (17.4%)
10 (7.6%)
54 (40.9%)
60 (45.5%)
16 (12.1%)
2 (1.5%)
111 (84.1%)
21 (15.9%)
70 (53.0%)
62 (47.0%)

&T + CF <n = 1.j,iij P•value< .01
46.0 (20.9 - 78.1)
49.6
.06
124 (85.5%)
12 (8.3%)
9 (6.2%)
< .01
22 (15.2%)
89 (61.4%)
30 (20.7%)
4 (2.8%)
< .01
86 (59.3%)
59 (40.7%)
< .01
132 (91.0%)
13 (9.0%)
.05

21 (15.9%)
111 (84.1%)

12 (8.3%)
133 (91.7%)

53 (40.2%)
69 (52.3%)
10 (7.6%)

37 (25.5%)
104 (71.7%)
4 (2.8%)

13 (9.8%)
1 19 (90.2%)

4 (2.8%)
141 (97.2%)

27 (20.5%)
38 (28.8%)
67 (50.8%)

15 (10.3%)
70 (48.3%)
60 (41.4%)

52 (39.4%)
23 (17.4%)
57 (43.2%)

113 (77.9%)
26 (17.9%)
6 (4.1%)

39 (29.5%)
81 (61.4%)
12 (9.1%)

63 (43.4%)
68 (46.9%)
14 (9.7%)

88 (66.7%)
31 (23.5%)
3 (9.8%)

101 (73.7%)
36 (24.8%)
8 (5.5%)

'F1111al tn = Z"'
50.7 (20.9 - 85.9)
53.4
223 (80.5%)
35 (12.6%)
19 (6.9%)
76 (27.4%)
149 (53.8%)
46 (16.6%)
6 (2.2%)
197 (71.1%)
80 (28.9%)
202 (72.9%)
75 (27.1%)
33(11.9%)
244(88.1%)

< .01

.01
< .01

.05

.01

.97

90 (32.5%)
173 (62.5%)
14 (5.1%)
17 (6.1%)
260 (93.9%)
42 (15.2%)
108 (39.0%)
127 (45.8%)
165 (59.6%)
49 (17.7%)
63 (22.7%)
102 (36.8%)
149 (53.8%)
26 (9.4%)
189 (68.2%)
67 (24.2%)
21 (7.6%)

Abbreviations: RT, radiotherapy; CT, chemotherapy; BMI, body mass index.
,.At least one of the following events; myocardial infarction, angina pectoris, congestive heart failure or
cerebrovascular accident. +Presence of at least one of the following risk factors: hypertension, diabetes, estimated
BMI or smoking. Due to the large percentage of missing data concerning cholesterol status of the patients,
hypercholesterolemia was not taken into account for the variable any risk factor.
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Radiation Oncology UMCG
1989-2002
n = 313

No follow-up data
on CVE (n = 36)

Study population n = 277

--

Pmmary radiotherapy
n = 202

Post operative radiotherapy
n = 75

l-

l

Chemotherapy
Yes n = 132
No n = 70

Chemotherapy
Yes n = 13
No n = 62

Figure 1 . Treatment population according to treatment modality. UMCG, University Medical
Center Groningen; CVE, cardiovascular event.
Table 2. Clinical outcome
RT (il. • 132,)

Follow-up duration (year)
Median. (range)

R1' + Cl' (n • l4i)

Tetal (n • 271)

,.

4.2 (0.1-17.0)

4.§ (0.1-17.0)

5.6 (1.0-10.1)

14.3 (6.5-22.1)

9.2 (5.8-12.6)

47 (35.6%)
53 (40.2%)
32 (24.2%)

53 (36.6%)
51 (35.2%)
41 (28.3%)

100 (36.1%)
104 (37.5%)
73 (26.4%)

Vital status at last follow-up date
Alive
55 (41.7%)
Death by cause

78 (53.8%)

133 (48.0%)

50 (37.9%)
9 (6.8%)
1 (0.8%)
7 (5.3%)
7 (5.3%)
3 (2.3%)

54 (37.2%)
3 (2.1%)
1 (0.7%)
4 (2.8%)
2 (1.4%)
3 (2.1%)

104 (37.5%)
12 (4.3%)
2 (0.7%)
11 (4.0%)
9 (3.2%}
6 (2.2%)

Overall survival (year)+
Median (95% CI)
Length of follow-up
< 3 year
3 - 10 year
> lO year

Cervical cancer
Cardiovascular
Treatment related
Other malignancy
Other
Unknown

5.1. (0.1-17.0)

Abbreviations: RT, radiotherapy; CT, chemotherapy; CI, confidence interval. *All patients. tKaplan-Meier survival

- 57 -

Chapter 3

Table 3. Cardiovascular events

E.veitts

l{f (in. = 13�

Any Cardiac events (AP, MI or CHF)

21 (15.9%)

CVA
Venous Thromboembolic events
Pulmonary embolism
Venous thrombosis
Peripheral arterial disease

RT ,., CT �n: = 146)

'f'etal (n • 2'1'7)
27 (9.7%)

6 (4.1%)

5 (3.8%)

3 (2.1%)

8 (2.9%)

15 (11.4%)
3 (2.3%)
12 (9.1%)

12 (8.3%)
4 (2.8%)
8 (5.5%)

27 (9.7%)
7 (2.5%)
20 (7.2%)

4 (3.0%)

3 (2.1%)

7 (2.5%)

Abbreviations: RT, radiotherapy; CT, chemotherapy; MI, myocardial infarction; AP, angina pectoris; CHF,
congestive heart failure; CVA, cerebrovascular accident.

Table 4. Standardized incidence ratio (SIR)s for various cardiovascular events
n = 277

(MI + AP + CHF)•
All patients
RT and CT
RT

<> er

0

E

SIR

95

33.00
7.00

24.15
9.48

1 .37
0.74

0.94-1.92
0.30-1.52

6.83

2.05

26.00

MI
All patients
RT and CT
RT

11.00

AP
All patients
RT and CT
RT

1.77

14.66

14.00
3.00

3.00

AER
17.62
-9.12

1.16-2.60

49.24

1.12-3.44

42.96
-0.03

3.82

1.00

2.88

0.21-2.92

1.44-5.15

93.56

10.00
3.00
7.00

7.47
3.35
4.12

1 .34
0.74
1.77

0.64-2.46
0.18-2.62
0.68-3.50

15.21
-3.87
37.81

CHF
All patients
RT and CT
RT

9.00
1.00
8.00

9.85
3.13
6.72

0.91
0.32
1.19

0.42-1.73
0.01-1.78
0.51-2.35

-5.05
-23.32
16.56

CVA
All patients
RT and CT
RT

8.00
3.00
5.00

12.23
4.28
7.95

0.65
0.70
0.63

0.28-1.29
0.14-2.05
0.20-1.47

-25.12
-14.00
-38.38

Abbreviations: 0, observed; E, expected; SIR, standardized incidence ratio; AER, absolute excess risk per 10,000
patients per year; CI, confidence interval; Ml, acute myocardial infarction; AP, angina pectoris; CHF, congestive
heart failure; CVA, cerebrovascular accident; RT, radiotherapy; CT, chemotherapy.
In bold values with a significant P-value (P-value < 0.05). •one, two or three diagnoses.

In the multivariable Cox regression analyses, within our study population,
an increased risk for any cardiac event was related to age HR 1.0 (95% CI 1.0 to 1.1,
P-value = .01)(Table SA). None of the factors in the multivariate analyses were related to
an increased risk for MI(Table 5B).
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In Figure 2 the risks over time of developing a cardiac event, peripheral arterial
disease, CVA and venous thromboembolic event are shown. Venous thromboembolic
events occurred especially during the first two years after treatment while the incidences
of cardiac events increased steadily over time. The actuarial incidence of any cardiac(Ml,
AP or CHF), peripheral arterial disease, CVA and venous thromboembolic events at 15
year were 16, 5, 6 and 15% respectively.
Table SA. Uni- and multivariate Cox regression analysis of potential risk factors for cardiac
event
Camdiac event
(MI , M et CHF)•

Vniva�
HR

9S% CI

P-vaiue

HR

95% CI

P-valae

Age(continuous)

1.1

1.0-1.1

< .01

1.0

1.0-1.1

.01

CVE pre (yes)

8.7

3.8-19.6

< .01

2.3

0.9-5.7

.08

Any risk factor (yes)+

5.2

1.2-21.9

Chemotm.erapy (yes)

0.2

0.1-0.6

Primary RT

2.7

0.6-11.5

MlDUbuiate

.03

4.1

1.0-17.9

.06

< .01

0.4

0.1-1.1

.07

.17

1.8

0.4-8.4

.47

Abbreviations: HR, hazard rate; CI, confidence interval; MI, acute myocardial infarction; AP, angina pectoris; CHF,
congestive heart failure; RT, radiotherapy; CVE pre, pre- treatment cardiovascular event (MI, AP, CHF and CVA).
In bold values with a significant P-value (P-value < 0.05).
•rn case of multiple events in the same patient only the first event accounted for this analysis.
t Presence of at least one of the following risk factors: hypertension, diabetes, estimated BMI > 30.0 kg/m2 or
smoking.

Table SB. Uni- and multivariate Cox regression analysis of potential risk factors for
myocardial infarction
MI

Univariate
HR

Multivaniate
95% 0

P--�ue

HR

95% 0

P-vaw.e

Age(continuous)

1.1

1.0-1.1

< .01

1.0

1.0-1.1

6.4

2.1-19.1

0.06

CVE pre (yes)

< .01

1.5

0.4-5.8

0.52

Any risk factor (yes}"

5.3

0.7-40.7

.11

4.4

0.6-34.8

0.16

Chemotherapy (yes)

0.2

0.1-0.9

.03

0.4

0.1-1.8

0.24

Primary RT

1.3

0.3-5.9

.73

0.8

0.1-4.4

0.80

Abbreviations: HR, hazard rate; CI, confidence interval; MI, acute myocardial infarction; AP, angina pectoris; CHF,
congestive heart failure; RT, radiotherapy; CVE pre, pre- treatment cardiovascular event (MI, AP, CHF and CVA).
In bold values with a significant P-value (P-value < 0.05).
• Presence of at least one of the following risk factors: hypertension, diabetes, estimated BMI > 30.0 kg/m2 or
smoking.
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Figure 2. Actuarial risk of (a) any cardiac event (MI, AP or CHF), (b) peripheral arterial
disease, (c) CVA, (d) venous thromboembolic event. Numbers at risk at 0, 5 and 10 years are

respectively 212, 99 and 46. MI, Myocardial infarction; AP, angina pectoris; CHF, congestive
heart failure; CVA, cerebrovascular accident.

Discussion
In this large cohort of cervical cancer patients treated at a single institution with
radiotherapy or chemoradiation we found at a median follow-up of 4.5 years a twofold
increased risk of MI compared to the general population. The risk for any cardiac
event was related to age at treatment. In this cohort, the addition of chemotherapy to
radiotherapy did not increase the incidence of any cardiac event or myocardial infarction,
but numbers were still small in view of the relatively young age of the patients.
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Despite the relative short follow-up time of our cohort, we observed the risk for MI in
our population to be 2.1 times that of the background population. This increased risk was
particularly observed in the radiotherapy group(SIR = 2.88) and not in the chemoradiation
group(SIR = 1.00), which is probably explained by the selection of patients with a better
general health for treatment with chemoradiation. The results of a population-based
study in the south of the Netherlands also showed that elderly cervical cancer patients and
patients with co-morbidity were treated less aggressively [18] than younger patients and
those without co-morbidity. In the present study pre-treatment CVE and cardiovascular
risk factors were unequally distributed between patients treated with radiotherapy and
those who had chemoradiation. Comparing the presence of cardiovascular risk factors
between our cohort and the reference population in the age range covering the median
age of our cohort(45 up to 64 year) the prevalence of both hypertension(33% versus
15% in the reference population) and DM(6% versus 3% in the reference population)
was higher in our cervical cancer population than in the general population [17]. The
proportion of smokers in the general Dutch female population in the age group 45 to
64 year was lower(31.7%) than that observed in our cervical cancer cohort(36.8%) [19].
The higher prevalence of these cardiovascular risk factors observed in the present study
may have contributed to the observed increased risk for Ml. As the association between
smoking and invasive cervical cancer is well known, it was not surprising to find a higher
proportion of smokers among cervical cancer patients [20]. Furthermore, cervical cancer
is more frequently observed in women with lower socioeconomic status [21], which is
subsequently associated with a higher prevalence of cardiovascular risk factors [22]. The
observed increased SIR for MI and the high prevalence of cardiovascular risk factors in
our cohort suggests that a major effort should be made to actively screen cervical cancer
patients for presence of cardiovascular risk factors and if so treat these risk factors.
In a multivariate analysis we did not find an increase in the incidence of MI or any
cardiac event that could be related to the addition of platinum-based chemotherapy to
radiotherapy. The relative small size of this group of patients, their young attained age, the
relative short follow-up, and the lack of a group without radiotherapy or chemoradiation
probably hampered this analysis. Meinardi et al. reported an increase in cardiac events
in survivors of metastatic testicular cancer after cisplatin-containing chemotherapy [14].
Several factors such as the longer follow-up, the differences in chemotherapy regimen
and in patient population used in that study [14] may explain the discrepancies between
the results Moreover, testicular cancer survivors more often develop sub-clinical
hypogonadism which may also increase the presence of cardiovascular risk factors [15
and 23].
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In previous studies it has been shown, that radiation to the neck is associated with
a 5.6 times increased risk of ischemic stroke [13]. This risk was specifically attributed to
radiation to the carotid arteries. In the current population of cervical cancer patients,
no increased risk for developing CVA was observed, which might be explained by the
difference in follow-up time or the influence of the anatomical site to which irradiated.
During radiation for cervical cancer, the pelvic arteries are irradiated directly and are
therefore at risk for developing vascular damage. The literature on peripheral arterial
disease after radiation to the pelvic area is scarce [6 and 7]. Eifel et al. reported on a series
of 1,784 cervical cancer patients treated with radiotherapy in which vascular toxicity
occurred in 0.5% of the patients, with an actuarial risk of 0.8% at 15 year [8]. Toxicity was
defined as the proportion of patients undergoing vascular surgery to treat atherosclerotic
vascular disease in the pelvis. Therefore, the incidence of peripheral arterial disease may
be underestimated. In our series a higher percentage of the patients developed peripheral
arterial disease (2.5%), with an actuarial risk of 5% at 15 year. From our results it remains
unclear whether cervical cancer patients have an increased risk for peripheral arterial
disease. Yet, from the known risk of radiation-induced damage to large arteries in other
cancer patients and the high prevalence of cardiovascular risk factors in cervical cancer
patients, one can not exclude that after longer follow-up, the risk on peripheral arterial
disease will increase.
In our cohort of cervical cancer patients 12 (4.3%) patients died as result of a CVE.
The only other study reporting on cardiovascular deaths analyzed 375 cervical cancer
patients treated with surgery alone in which 11 (2.9%) patients died of a CVE [24].
Barbera et al. have reviewed the literature on venous thromboembolism in cervical
cancer patients and reported an incidence between 0% and 34% [5]. In our population,
9.7% of the patients developed a venous thromboembolic event. Most of these events were
seen relatively shortly after treatment and a plateau was reached after approximately
5 years. Due to the high percentage of patients developing a venous thromboembolic
event, attention should be directed to preventive measures like low molecular weight
heparin for specific patients at risk.
Despite the retrospective character of this analysis, this is the first study to extensively
report on cardiovascular toxicity in cervical cancer patients treated with radiotherapy or
chemoradiation. The strength of this study is that it is a cohort of consecutively treated
patients from 1 989 till 2002 with contemporary chemoradiation [3] with in 88% of the
patients complete follow-up on cardiovascular events.
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In conclusion, this study reports the incidences of cardiovascular disease in cervical
cancer patients treated with radiotherapy or chemoradiation. In this population we found
an increased risk for myocardial infarction. This increased risk of myocardial infarction,
in combination with the high prevalence of cardiovascular risk factors in cervical cancer
patients mandate active screening for the presence of concomitant cardiovascular risk
factors and if present, urging the need for risk reducing strategies.
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Summary
Cervical cancer is the most common gynaecological malignant disorder worldwide. The
best possible treatment of locally advanced cervical cancer is a combination of radiation
and cisplatin-based chemotherapy. However, 5-year overall survival is still only 52%. To
improve treatment results, research should focus on the discovery of innovative drug
strategies. Drugs directed at inducing tumour-cell apoptosis are regarded as important
treatment modalities. Here, we present an overview of the molecular options that can
change the apoptotic balance in cervical cancer, through increasing death-receptor
mediated apoptosis, the use of proteasome inhibitors, short interfering RNAs, or non
steroidal anti-inflammatory drugs (NSAIDs). Furthermore, the potential of attacking
prosurvival signalling through the epidermal-growth-factor receptor and insulin-like
growth-factor receptor to support the apoptotic process is discussed. Additional research
is needed to elucidate the clinical potential of these compounds in the treatment of
cervical cancer.
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Introduction
Cervical cancer is a common health problem worldwide, especially in less-developed
countries. Persistent infection with high-risk subtypes of human papillomavirus (ie,
HPV 16, 18, 31, and 45) is the main cause. HPV 16 accounts for more than 50% of cervical
cancers in most countries. The second most common HPV type is 18 (around 10%),
followed by subtypes 31 and 45. The double-stranded DNA viruses infect epithelial cells
that are located in the basal-epithelial cell layer. When the viruses are not integrated
in the DNA of the infected epithelial cell, they can replicate episomally by use of two
virus-encoded proteins, El and E2. Rarely, high-risk HPVs integrate into the host's
DNA. If this integration results in loss of expression of the E2 protein, proteins E6 and
E7 are overexpressed because E2 represses transcription of these two proteins. The E6
and E7 proteins of oncogenic HPV subtypes facilitate degradation of cellular proteins
that regulate the cell cycle and apoptosis. E6 protein inactivates the P53 pathway and
E7 inactivates the retinoblastoma pathway, both of which initiate and maintain the
proliferative state of cervical-cancer cells [1].
Treatment of locally advanced cervical cancer consists of radiotherapy plus cisplatin
based chemotherapy [2]. Although results are better with this combination than with
radiotherapy alone, 5-year overall survival is still around 52% [2], and the treatment
still results in substantial morbidity [3]. Long-term toxic effects of chemoradiotherapy in
cervical cancer are still unclear because of the short follow-up of these patients. Further
improvement in survival through intensification of the standard treatment is limited
by intrinsic and acquired tumour resistance, and short-term and long-term side-effects
would be increased. Therefore, alternatives are needed that can heighten the antitumour
effect with few toxic effects. Tumour resistance is commonly caused by a loss of the
tumour cell's ability to enter apoptosis. Modulation of specific molecular pathways
leading to increased cell death could widen the therapeutic window. Better knowledge of
the molecular mechanisms that underlie the apoptosis process should enable modulation
of these apoptotic pathways and, thus, might improve treatment results (Figure 1).
Combination of cell death by necrosis, which is commonly induced by radiotherapy, with
cell death through apoptosis, might lead to higher overall tumour-cell kill. This review
focuses on the clinical potential of innovative apoptosis modifiers in the treatment of
cervical cancer. We have focused on specific routes, the rational for targeting these routes
in cervical cancer, and on potential clinical strategies.
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Figure 1. Yin Yang symbol with on the right side vital human SiHa cervical cancer cells
and on the left side SiHa cells undergoing apoptosis. This figure symbolises the balance

between survival and apoptosis. It also symbolises the balance between treatment toxicity and
treatment efficacy.

Apoptosis signalling pathways
Also known as programmed cell death, apoptosis is a crucial process for normal
development and maintenance of tissue homoeostasis by elimination of damaged, virally
infected, or otherwise harmful cells. Apoptosis is induced by many stimuli, including
growth-factor withdrawal, ultraviolet or y irradiation, chemotherapeutic agents,
immunotherapy, or activation of death receptors. Deregulation of apoptosis has a role
in various diseases such as cancer, autoimmune diseases, neurodegenerative disorders,
and AIDS. During cervical carcinogenesis, proteins encoded by the HPV genome can
disturb the normal balance between proliferation and apoptosis in HPV-infected cervical
epithelial cells. Apoptosis is an active and tightly regulated process. It is induced by
activation of effector proteases called caspases that cleave specific death substrates,
resulting in cellular disassembly. Because of the orderly way in which apoptosis takes
place, release of inflammatory mediators in the extracellular environment is prevented.
Apoptosis clearly differs from necrosis, which is a passive process that arises after tissue
damage and causes an inflammatory reaction.
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Interaction between intrinsic and extrinsic apoptotic pathways and P53
Apoptosis can take place through two pathways - one that is dependent on and one that
is independent of the mitochondria. The mitochondria-dependent(intrinsic) apoptotic
pathway is triggered by several stress signals, including DNA damage (induced by
radiation or chemotherapeutic agents), stress molecules(such as reactive oxygen species
and reactive nitrogen species), or growth-factor withdrawal. These stress signals can
trigger the release of proapoptotic proteins from the mitochondrial intermembrane
space into the cytosol. Important apoptosis regulators of the mitochondrial pathway are
the BCL2 protein family, in which members are either death antagonists(BCL2, BCLXL,
BCLW, BFLl, and MCLl) or death agonists(BAX, BAK, BOK, BCLXS, BAD, BID, BIK,
BIM, BMF, HRK, NOXA, and BBC3; figure 2). The ratio of proapoptotic to antiapoptotic
BCL2 family proteins establishes the cellular sensitivity to apoptotic signals through the
mitochondrial pathway. The P53 protein is a mediator of the mitochondrial apoptotic
pathway in response to stress signals such as irradiation and chemotherapy(Figure 2;
7 and 8) [4].P53 can directly activate the proapoptotic BCL2 protein family members
BAX and NOXA and P53 regulated apoptosis inducing protein 1(P53AIP1) [5]. W hen
activated by P53, BAX and NOXA are translocalised to the mitochondria, and P53AIP1
is localised and activated at the mitochondria, where they can trigger mitochondrial
leakage. Activation of the mitochondrial pathway results in release of cytochrome C
(Figure 2; 5) [5] and activation of caspase 9, which then activates caspase 3(Figure 2; 6).
Apoptosis induction via the death receptor can result in activation of the extrinsic
and intrinsic apoptosis pathways. The role of radiotherapy or chemotherapy-induced
DNA damage on the apoptosis cascade is shown. Interactions of non-steroidal anti
inflammatory drugs(NSAIDs) with the apoptosis pathways and the effect of proteasome
inhibitors on E6 and E7-mediated degradation of P53 and PRB are shown with dotted
lines. FADD = FAS-associated death domain.
The extrinsic apoptotic pathway is initiated by activation of death receptors on the
cell membrane. Several human death receptors have been identified that belong to the
tumour-necrosis-factor-receptor superfamily. Apoptosis is triggered by the binding of
specific tumour-necrosis-factor-superfamily ligands, such as FASL or tumour-necrosis
factor-related apoptosis-inducing ligand(TRAIL), to their cognate receptors FAS, and
DR4 or DRS, respectively(Figure 2; 1). Besides binding to the agonistic receptors DR4
and DRS, TRAIL can also bind to two inhibitory decoy receptors, DCRl and DCR2, which
do not have functional death domains and therefore cannot induce apoptosis. Death
receptor activation results in the formation of an intracellular death-inducing signalling
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Figure 2. The extrinsic and intrinsic apoptosis pathway. Apoptosis induction via the death
receptor can result in activation of the extrinsic and intrinsic apoptosis pathway. The role of
irradiation and or chemotherapy induced DNA damage on the apoptosis cascade is indicated.
Interactions of NSAIDs with the apoptosis pathways and the effect of proteasome inhibitors
on E6 and E7 mediated degradation of p53 and pRb are indicated with dotted lines. See text
for further explanation.
complex composed of trimerised receptor molecules, recruited FAS-associated death
domain molecules, and procaspase 8 molecules (Figure 2; 2). After assembly of the
death inducing signalling complex, a caspase 8-initiated intracellular apoptotic cascade
is activated, leading to cleavage of several substrates in the cytoplasm and nucleus
and completion of the apoptotic programme. Caspase 10 is also recruited to the death
inducing complex that contains the FAS or DR4/DR5 molecules [6]. Activation of caspase
8 leads to activation of caspase 3, either directly (Figure 2; 2 and 3) or indirectly by
cleaving BID (Figure 2; 4). Cleaved or truncated BID translocates to the mitochondria to
trigger the mitochondrial apoptotic pathway. Apoptosis can be inhibited at several stages
in the pathway. For example, FLIP inhibits the recruitment and activation of procaspase
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8 at the death-inducing signalling complex(Figure 2; 9), while the inhibitors of apoptosis
proteins, including XIAP, inhibit downstream in the apoptotic pathway by preventing
activation of caspases 9 and 3(Figure 2; 10). The extrinsic apoptotic pathway is also
affected by P53(Figure 2; 14).
Activation of P53 induced by DNA damage results in P53-enhanced expression of the
death receptors because the gene-coding sequences of the death receptors FAS, and DR4
and DRS contain P53 transactivation sites [7]. Another possible role for P53 in apoptosis
induction lies in the activation of caspase 8, followed by cleavage of proapoptotic BID
by caspase 8(Figure 2; 4) [8]. P53 can also directly transactivate BID, because both the
caspase 8 and the BID promoter contain P53-binding DNA-response elements [9 and 10].
DNA damage has no effect on caspase 8 concentrations but heightens the expression of
caspase 10, another initiator caspase with structural and functional homology to caspase
8, in a P53-dependent manner [11]. Combination of radiotherapy with adenovirus
mediated wildtype P53 infection increased the inhibition of growth of cervical-cancer
cells in vitro [12].
Although the exact mechanisms are still unknown, several pathways can clearly act
together to trigger apoptosis in response to signalling by P53.
Drugs directed at death receptors
Cervical cancer cell lines that are HPV-18 positive are highly sensitive to FAS-mediated
apoptosis, whereas those positive for HPV 16 and HPV-16-immortalised primary human
foreskin keratinocytes(as a model for squamous epithelium) are resistant to FASL or
agonistic antibodies to FAS [13]. This difference in sensitivity seems to be independent
of FAS expression. Instead, it can be attributed to the inability of resistant cells to form
a functional death-inducing signalling complex [13]. Expression of TRAIL receptors and
sensitivity to recombinant-human-TRAIL-induced apoptosis have been recorded in the
HeLa cervical-cancer cell line [14]. Both recombinant human TRAIL and a mixture of
agonistic DR4-specific and DRS-specific antibodies induce apoptosis in primary and
transformed keratinocytes from human foreskin [15]. Primary keratinocytes are up to five
times less sensitive to recombinant human TRAIL than are transformed keratinocytes. The
differential sensitivity between primary and transformed keratinocytes to recombinant
human TRAIL or agonistic DR4 and DRS antibodies is not attributable to differences
in TRAIL receptor cell-surface expression but is the effect of differential intracellular
signalling events induced by recombinant human TRAIL [15]. Primary keratinocytes
express high concentrations of cellular FLICE inhibitory protein, by contrast with
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transformed keratinocytes and several squamous-cell cancer lines [15]. Thus, TRAIL
resistance in normal human primary keratinocytes might be maintained by intracellular
inhibition of the TRAIL apoptotic pathway rather than by differential receptor expression.
DR4, DRS, caspase 8, and caspase 10 can also activate the nuclear factor KB survival
pathway(Figure 2; 13) [16].
FASL, TRAIL, and their receptors are expressed in many healthy epithelial cells and
tumour cells, including cells of cervical origin [17]. However, FAS expression and FASL
upregulation were commonly lost or reduced in human cancers, including cervical cancer,
compared with their normal counterparts [17]. FAS downregulation during cervical
carcinogenesis contributes to suppression of FAS-mediated apoptosis and could provide
anescapefromimmune attack byFASL-positiveantitumourlymphocytes. Simultaneously,
FASL-overexpressing tumours can counterattack FAS-positive infiltrating immune cells
[18]. Apart from death-receptor expression, intracellular components of the apoptotic
pathway have a role in sensitivity to death-receptor ligands. During progression of
cervical intraepithelial neoplasia, caspase-3 expression was higher in high-grade than in
low-grade lesions, whereas no such differences were detected for BCL2, MCLl, BCLXL,
BAX, BAK, or caspase 6 [19]. An increase in caspase 3 expression during progression of
cervical neoplasia could be related to the rise in apoptosis, which has been recorded with
greater severity of cervical intraepithelial neoplasia and squamous-cell carcinoma [20].
Thus, the expression of FAS, DR4, DRS, and other components of the apoptotic pathway
in cervical cancer could provide a therapeutic target for death-receptor-mediated
apoptosis to increase overall cell kill.
Lethal liver damage, which has been seen in mice given antibodies to FAS or
recombinant human FASL, did not arise after systemic administration of recombinant
soluble FASL [21].Although soluble FASL retained its FAS-interacting capacity, it was
less cytotoxic than membrane-bound FASL [21]. For treatment of cervical neoplasia, the
use of soluble FASL or local administration of recombinant human FASL(especially for
superficial premalignant lesions) might prevent systemic complications. Therapeutic
potential for the clinical use of recombinant human TRAIL is lent support by the
finding that this substance mainly kills tumour cells rather than healthy cells. Moreover,
recombinant human TRAIL is a potent antitumour agent in preclinical in vivo models
without many systemic toxic effects [22]. Selectivity against transformed cells depends
on the preparation method and biochemical properties of the recombinant versions of
soluble TRAIL. Untagged trimeric recombinant human TRAIL is being tested in clinical
trials. Furthermore, clinical phase I / II studies with agonistic antibody to DR4 in solid
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tumours and lymphomas and a phase I study with agonistic antibody to DRS are under
way.
The relative resistance of healthy primary keratinocytes to apoptosis induced by
recombinant human FASL or recombinant human TRAIL suggests a wide therapeutic
window for possible application of death-receptor-targeted treatment in cervical cancer.
Targeting of E6 and E7
The proteasome and its role in apoptosis
The proteasome is an abundant multicatalytic enzyme complex found in both the nucleus
and the cytoplasm of cells. By functioning as a protein shredder, the proteasome has
an important role in the regulation of intracellular protein degradation. It regulates the
concentrations of many proteins involved in cell-cycle progression and apoptosis and is
also involved in the control of immune and inflammatory responses [23]. The proteasome
recognises proteins that have been targeted for degradation because ubiquitin peptides
have been attached to them [23]. The ubiquitin-proteasome system is involved in the
control of many fundamental cellular processes, and certain viruses, including HPV, target
and use this system [24]. The main HPV-encoded oncoproteins, E6 and E7, target the host
tumour-suppressor-gene products P53 and PRB for accelerated proteasomal degradation
and inactivation, thereby contributing to cellular immortalisation and transformation
(Figure 2; 15) [24]. Therapeutic strategies that rescue the tumour-suppressor pathways
by blocking degradation of proteasomes might therefore be useful to treat or prevent
cervical cancer.
Proteasome inhibition by MG132 restored P53 protein expression in primary human
skin and foreskin keratinocytes immortalised with E6 or E6 and E7. MG132 also sensitised
keratinocytes that were E6-positive and E6 and E7-positive to apoptosis induced by
FAS antibodies or recombinant human FASL [25]. However, inhibition of E6-mediated
P53 degradation by proteasome inhibitors is not always sufficient for P53 reactivation,
because the remaining E6-P53 interaction might prevent nuclear localisation of activated
P53 [26]. Many types of proliferating malignant cells are more susceptible to proteasome
blockade than are healthy cells [27]. The proteasome inhibitor bortezomib showed
a modest antitumour effect against mouse and human squamous-cell carcinomas
implanted in nude mice [28]. Furthermore, bortezomib pretreatment inhibited radiation
induced activation of nuclear factor KB [29], which led to reduced tumour growth,
increased apoptotic response to radiation, and greater radiosensitivity in vitro and in
vivo [29]. In preclinical models of various human solid tumours, bortezomib induced
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a small tumour response. The effect was greater when bortezomib was combined with
standard chemotherapeutic agents [30]. Bortezomib also has an effect in tumours that do
not express P53 [23], showing that it can induce P53 independent apoptosis. Therefore,
bortezomib is an important drug for the treatment of cervical cancer. Bortezomib is
registered for the treatment of relapsed and refractory multiple myeloma. A phase I
study is being done to investigate the use of bortezomib and radiotherapy in patients
with recurrent or metastatic squamous-cell carcinoma of the head and neck, a clinical
setting comparable to cervical cancer.

RNA interference against HPV proteins E6 and E7
Because HPV has an important role in cervical-cancer pathogenesis, inhibition of the
E6-P53 interaction might restore functionally active P53. Specific E6 and E7 inhibition by
RNA interference contributes to selective targeting of HPV-infected cells only, thereby
preventing cellular transformation and immortalisation induced by E6 and E7. The RNA
interference technique introduces double-stranded RNA, also called short interfering
RNA, into the cell, resulting in degradation of the homologous mRNA. Thus, expression
of the protein coded by that specific mRNA is inhibited. As well as giving insight into gene
function, RNA interference could also serve as therapeutic gene silencing in mammalian
systems. Selective silencing of E6 or E7 expression by RNA interference contributes to
restoration of the P53 and PRB tumour-suppressor pathways in cervical-cancer cell lines
positive for HPV subtype 16 or 18. This restoration leads to cessation of transformed cell
growth or apoptosis [31]. Mice inoculated with SiHa cells that had been transfected with
HPV 16 E6 short interfering RNA formed smaller tumours than did those given SiHa
cells containing control short interfering RNA [32]. Although any disease-related mRNA
sequence is a putative target for RNA interference-based therapeutics, development
of effective clinical procedures to deliver short interfering RNA remains to be solved.
Mice injected with short interfering RNA against FAS were mainly protected from fatal
liver damage induced by agonistic antibodies to FAS [33]. However, the high-pressure
injection method used in animals is not suitable for human beings. Furthermore, short
interfering RNAs will be destroyed within minutes after injection into the bloodstream
or when taken by mouth. A new gel-based short-interfering-RNA application method
enables topical delivery of short-interfering-RNA to accessible disease sites [33]. In the
SiHa human-cervical-cancer cell line, an agarose liposome gel formulation of HPV 16 E7
short interfering RNA induced apoptosis [34]. Normal human fibroblasts were refractory
to the treatment [34], which suggests that it could be selective for cancerous cells,
particularly for cervical cancer and other accessible preneoplastic diseases.
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Non-steroidal anti-inflammatory drugs
These drugs inhibit the activity of cyclo-oxygenase (Figure 2; 12), an important
regulatory enzyme in the synthesis of prostaglandins. There are two distinct cyclo
oxygenase isoforms: cyclo-oxygenase-1 (COXl) is constitutively expressed in most
eukaryotic cells and has homoeostatic functions, whereas cyclo-oxygenase-2 (COX2)
is induced in response to various stimuli including tumour promoters, cytokines, and
growth factors [35]. Moreover, cyclo-oxygenase enzymes have a role in tumour onset
and progression [36]. Non-steroidal anti-inflammatory drugs(NSAIDs) are either non
specific inhibitors of both COXl and COX2 or more selective inhibitors of one isoform or
the other. Treatment of the HeLa cervical-cancer cell line with a combination of NSAIDs
and radiation induced an antitumour effect that was mediated through BCL2 and
caspase 3 [37]. In two other human cervical-cancer cell lines there was a greater cytotoxic
effect when the NSAID indometacin was combined with fluorouracil or cisplatin [38].
NSAID can also suppress tumour growth in animal models [39] and have an additive
antitumour effect with radiotherapy in vitro and in mouse xenografts [40]. COX2 can
contribute to carcinogenesis in different ways, but we focus here on the mechanisms
involving apoptosis(Figure 2; 11). Activation of caspases 8 and 9, BID cleavage, and loss
of mitochondrial potential accompany the apoptotic effect of the COX2 inhibitor celecoxib
in cervical-cancer cell lines [41]. Furthermore, sulindac sulphide, the main metabolite of
the NSAID sulindac, induced apoptosis by engaging the mitochondrial pathway in vitro.
This apoptotic effect was mediated by BAX relocation to the mitochondria and activation
of caspase 9 [42]. Therefore, the addition of cyclo-oxygenase inhibitors to standard
cancer treatment could result in increased cytotoxic effects. COX2 concentrations are
substantially raised in various tumour types, including cervical cancer, compared with
healthy tissues [43]. COX2 overexpression occurs mainly in adenocarcinomas and to a
lesser extent in squamous-cell cervical cancers [44]. High COX2 tumour expression is
associated with a poor outlook in patients with cervical cancer [45]. In a small study
in 40 patients with cervical cancer, absence of COX2 tumour expression was associated
with tumour sensitivity to apoptosis 3 weeks after neoadjuvant cisplatin treatment [46].
Expression of COX2, the proliferation marker antigen KI67, and the neoangiogenesis
marker CD31 antigen was lower in the cervical cancers of patients treated with celecoxib,
whereas stromal COX2 concentrations were unaffected [47]. These findings suggest that
both the non-specific NSAIDs and the selective COX2 inhibitors could be a therapeutic
strategy (ie, as potential adjunct) in cervical cancer. Selective COX2 inhibitors were
thought to cause fewer side-effects, such as gastrointestinal and renal toxic effects, and
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inhibition of platelet function, than non-selective NSAIDs. However, COX2-specific
inhibitors have lately been associated with a heightened risk of myocardial infarction
and stroke.� Rofecoxib was withdrawn from the market temporarily, and studies in
patients with cancer being treated with celecoxib were put on hold [48]. Cardiovascular
side-effects that probably carry an increased risk with long-term use are unacceptable
in prevention studies, however, in cancer treatment these drugs might, depending on
their effect, still be of interest. The Radiation Therapy Oncology Group phase I / II study
in which celecoxib is combined with chemoradiation in patients with locally advanced
cervical cancer has accrued enough patients and has closed.
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Figure 3. ErbB/HER and IGF growth factor receptor family signalling pathway. Activation
of the erbB/HER and IGF receptor pathway results in enhanced cell survival, proliferation,
angiogenesis and metastasis, whereas apoptosis signaling is inhibited. See text for further
explanation.
- 76 -

Changing the apoptotic balance: a review

Targeting of ERBB protein kinases
The prosurvival ERBB growth-factor receptors form a protein kinase family that consists
of the epidermal-growth-factor receptor(EGFR), ERBB2, ERBB3, and ERBB4. All four
receptors have an extracellular ligand-binding domain, a single membrane-spanning
region, and an intracellular protein tyrosine kinase domain(Figure 3; 1 and 2). Protein
kinases regulate many parts of cell biology such as transcription, apoptosis, cell-cycle
progression, cytoskeletal rearrangement, differentiation, and immune responses. In
healthy tissues, the ERBB receptors are activated by various receptor-specific ligands.
After receptor dimerisation, the intracellular tyrosine kinase domain is activated, starting
autophosphorylation and activation of downstream signal-transduction pathways such
as the phosphatidylinositol 3 kinase/AKT pathway(Figure 3; 3) [49]. Phosphorylation
and activation of downstream AKT leads to inhibition of apoptosis (Figure 3). At
the same time, activation of mammalian target of sirolimus induces activation of
downstream protein kinases, which results in increased transcription of proteins
involved in proliferation(Figure 3; 4). Activated AKT induces activation of nuclear factor
KB, thereby contributing to prosurvival signalling (Figure 3; 5). EGFR activation can
also activate the mitogen-activated protein kinase pathway, causing phosphorylation
of transcription factors that contribute to proliferation (Figure 3; 6). Activation can
mediate various cellular responses, including gene expression, cell proliferation, and
cell survival(Figure 3). Dysregulation of the ERBB signalling pathway, through ligand
or receptor overexpression, genetic alterations, or other causes, can lead to malignant
transformation, whereas blockage of this pathway can lead to apoptosis. Crosstalk
between the ERBB signalling pathway and other pathways makes the ERBB pathway
a junction point between signalling systems. Because many cancer cells overexpress
ERBB receptors, the ERBB family has become an important target for antitumour-drug
development. EGFR expression is higher in cervical intraepithelial neoplasia and cervical
cancers than in controls [50]. Raised expression of the EGFR is associated with poorer
outlook in patients with cervical cancer and therefore provides a target for intervention
[51]. EGFR can be targeted by specific antibodies or by small molecules that inhibit
tyrosine kinase activity [52]. Preclinical studies [53 and 54] showed that local tumour
control can be improved by a combination of radiotherapy and antibodies to EGFR.
These antibodies have been given in combination with chemotherapy or radiotherapy
in patients with advanced solid tumours including those of the head and neck, lung
(non-small cell), and colon [55]. In a randomised phase III trial [56] with 424 participants,
the addition of cetuximab to radiotherapy lengthened overall survival from 28 months
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to 54 months in patients with locally advanced head and neck squamous-cell carcinoma
compared with radiation alone. The US Food and Drug Administration has approved the
use of cetuximab in patients with advanced metastatic colorectal cancer who are resistant
or intolerant to irinotecan-based treatment. The tyrosine kinase inhibitors gefitinib and
erlotinib both exert antitumour activity in patients with non-small-cell lung cancer [57].
The results of the Iressa Survival Evaluation in Lung cancer study showed that in a
general population of patients with advanced non-small-cell lung cancer, gefitinib did
not lengthen survival compared with placebo. Benefit seems to be most likely in patients
with a specific activating mutation in EGFR(about 10%), especially with gefitinib [57]. No
data are available about EGFR gain-of-function mutations in cervical cancer.
Activation of the ERBB and IGFR pathway results in improved cell survival,
proliferation, angiogenesis, and metastasis, whereas apoptosis signalling is inhibited.
MTDR = mammalian target of rapamycin(sirolimus).
HER2 is overexpressed in only about 3% of cervical tumours, which suggests a limited
role for the HER2 antibody trastuzumab in cervical cancer [58]. Phase II studies are being
done to investigate the safety and effectiveness of gefitinib in patients with relapsed or
refractory epithelial ovarian or cervical cancer and erlotinib in patients with persistent or
recurrent cervical squamous-cell carcinoma.

Targeting of insulin-like-growth-factor signalling
The insulin-like-growth factor (IGF) family is also a prosurvival signalling pathway,
the blocking of which could induce apoptosis. The ERBB family, the insulin-receptor
family, and the IGF family are closely related members of the receptor tyrosine kinase
superfamily. The IGF regulatory system, which is tissue specific, is composed of IGF
ligands(IGF-1 and IGF-11), insulin-like-growth factor receptors(IGFR; IGF-IR and IGF
IIR), and a family of at least six inhibitory IGF binding proteins [59]. The insulin receptor
and IGF-IR belong to the same subfamily and share much the same structure and
intracellular signalling events. However, they have differing effects on cell proliferation,
differentiation, and apoptosis. IGF-IR is a transmembrane receptor tyrosine kinase and
can bind IGF-1 and IGF-11. Ligand binding results in the triggering of receptor tyrosine
autophosphorylation, followed by activation of many downstream signalling cascades
[59]. In much the same way as EGFR signalling(figure 3), activation of IGF-IR leads to
activation of the RAS/MAP kinase pathway and the phosphatidylinositol 3 kinase-AKT
pathway. IGF-IIR resembles the insulin receptor, but differs in function and structure
from IGF-IR. IGF-IIR has no known function in IGF signalling, but it can bind the IGF- 78 -

Changing the apoptotic balance: a review

II ligand and mediates its degradation, thereby serving as a decoy receptor with a
tumour-suppressor function [59]. Deregulation of the IGF receptor signalling pathway
is involved in tumour progression, and high activation of the RAS/MAP kinase and
phosphatidylinositol 3 kinase-AKT pathways leads to stimulation of tumour growth
and suppression of apoptosis. Activated AKT phosphorylates and concomitantly
inactivates several proapoptotic proteins, including BAD, BAX, and caspase 9 (Figure
3; 3). Furthermore, AKT induces the expression of antiapoptotic proteins such as BCL2,
BCLXL, FLIP, clAP2, XIAP, and survivins [60].
The IGF signalling pathway can be targeted in various ways, such as antagonising
IGF-IR, drug-mediated lowering of IGF-1, raising IGF binding protein, blocking IGF
IR tyrosine kinase activity, or decreasing expression of IGF-IR on the cell surface [61].
Downregulation of IGF-IR by means of antisense RNA reversed the transformed
phenotype of human cervical-cancer cell lines [62]. Furthermore, tumour development
was strongly inhibited in nude mice inoculated with these cervical-cancer cell lines in
which IGF-IR was downregulated by antisense RNA [62].
Human cervical-cancer cell lines, primary cervical-cancer cultures, and cultures of
healthy cervical cells all express IGF-II mRNA, but no IGF-1 transcripts [63]. Moreover,
the expression of IGF-IR was greater in the cervical-cancer cell lines and primary
cervical-cancer cultures than in cultures of healthy cervical cells. This finding shows an
important role of autocrine IGF-II production and IGF-IR overexpression in promoting
cervical tumour proliferation [63]. Patients with cervical cancer or advanced cervical
intraepithelial neoplasia (grades II and III) had higher serum concentrations of IGF-11
than controls and lower-grade cervical intraepithelial neoplasia [49]. Concentrations of
IGF-II returned to normal in patients with cervical intraepithelial neoplasia and cervical
cancer in remission after standard treatment [49 and 64]. In patients with persistent or
recurrent cervical intraepithelial neoplasia or with cervical cancer, serum concentrations
of IGF-II remained high [64]. Furthermore, the raised concentrations were accompanied
by expression of IGF-II in metastases in the pelvic lymph nodes [65]. Many case-control
studies [66] on various epithelial cancers have found an association between circulating
concentrations of IGF-1 and heightened cancer risk. An association has also been found
between circulating concentrations of IGF-1 and risk of cervical intraepithelial neoplasia
[67]. Because of deregulation of the IGF signalling pathway in cancer, including cervical
cancer, this system is a potential target for treatment.

- 79 -

Chapter 4

Combined treatment modalities
The drugs discussed here are unlikely to have a great effect on cervical cancer when
used alone. Combinations of these agents with standard chemotherapy and radiotherapy
might induce apoptosis more potently than single-agent treatment. Furthermore,
combinations of the newer drugs with each other might be useful.
Apoptosis signalling by recombinant human TRAIL is regulated by the ubiquitin
proteasome system. Changes in stability of, for example, members of the BCL2 protein
family, inhibitors of apoptosis proteins family, and inhibitor of KB, through the ubiquitin
proteasome-regulated pathway contributes to apoptosis resistance in cancer cells [68].
Recombinant human TRAIL combined with proteasome inhibitors can sensitise cells
that are resistant to rhTRAIL induced apoptosis by several mechanisms [69]. Proteasome
inhibitors mainly affect membrane expression of DRS. Together with a reduction in cFLIP
expression after proteasome inhibition, this effect might result in increased cleavage of
caspase 8 and BID and sensitisation to apoptosis induced by recombinant human TRAIL
[68]. Studies in. vitro have shown the synergistic apoptosis-inducing effect of proteasome
inhibitors with recombinant human TRAIL. Preclinical trials are needed to show the
effect in people. In particular, the results of the combination trial of bortezomib and
radiotherapy in head and neck squamous-cell carcinoma are eagerly awaited.
Addition of NSAIDs to standard treatment (radiation or cisplatin) induced an
additive antitumour effect in human cervical-cancer cell lines and in mouse xenografts.
This effect is mediated partly through activation of the apoptotic pathway. Sulindac
sulphide, celecoxib, and SC-236(a structural analogue of celecoxib) also engage the DRS
dependent pathway to mediate apoptosis [70]. However, unlike sulindac sulphide, SC236 in combination with recombinant human TRAIL overcame BAX deficiency in cell
lines to induce apoptosis [71]. The combination of NSAIDs with recombinant human
TRAIL is therefore an interesting therapeutic strategy to synergistically induce apoptosis
in cervical cancer.
An association between EGFR activation and induction of COX2 was seen in the
human cervical-carcinoma cell line CaSki [42]. Among patients with stage IIB cervical
squamous-cell carcinoma who had received concurrent chemoradiotherapy, those who
coexpressed EGFR and COX2(n = 22) had poorer survival than did those who expressed
only one of these proteins(n = 35) or neither(n = 11) [72]. In these patients, combination
treatment with NSAIDs and antiEGFR agents might improve overall survival.
EGFR inhibitors sensitised a human lung-adenocarcinoma cell line to recombinant
human-TRAIL-induced apoptosis by downregulating concentrations of the antiapoptotic
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proteins AKT and BCLXL [73]. This finding suggests that anti-EGFR agents could have an
additive role in the antitumour activity of recombinant human TRAIL.
The association between EGFR and COX2 coexpression and poorer outlook in patients
with squamous cervical cancer [42 and 72], implies that targeting of both EGFR and COX2
could have therapeutic potential. Thus, combination of anti-EGFR agents with NSAIDs
and possibly recombinant human TRAIL might be effective in cervical-cancer treatment,
although further research is necessary to assess the effectiveness of this combination in
human beings.
Activation of the EGFR or IGF signalling pathway results, through activation of
AKT, in a strong antiapoptotic effect. Neutralisation of IGF-1 (eg, by antibodies) or
inhibition of IGF-1 signallers(eg, Pl3K or AKT) [60 and 74] could be helpful adjuncts
to restore sensitivity to apoptosis. The IGF-1-mediated activation of the AKT pathway
is involved in low sensitivity of human-thyroid-carcinoma cell lines and multiple
myeloma cells to apoptosis induced by recombinant human TRAIL [60 and 74]. AKT has
an antiapoptotic effect by upregulating intracellular antiapoptotic proteins such as FLIP,
inhibitors of apoptosis proteins, and antiapoptotic members of the BCL2 family, thereby
affecting recombinant-human-TRAIL sensitivity. Therefore, the IGF signalling pathway
in combination with recombinant human TRAIL could be another potential target for
treatment for cervical cancer.

Conclusions and future directions
Despite improved survival since the introduction of radiotherapy and concurrent
chemotherapy, other targeted treatments should improve effectiveness in cervical
cancer. Advances in the understanding of the molecular mechanisms of apoptosis have
raised the apoptotic pathway as a promising target to increase the effectiveness of
cancer treatment. Multiple-hit strategies are preferable to prevent acquired resistance by
tumour cells and provide the best possible potential to switch the balance in favour of
apoptosis. As well as the targets addressed in this review, there are others of interest in
the apoptotic route, such as inhibitors of apoptosis proteins and the many members of
the BCL2 family. Several new approaches are being investigated, such as gene therapy,
antisense strategies, recombinant biological agents, or classic organic and combinatorial
chemistry, to target specific apoptosis regulators. However, little knowledge is available
in the setting of cervical cancer.
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There is enough biological evidence for combination of different targeted therapies for
the treatment of cervical cancer. However, clinical trials are necessary to assess the efficacy
of these combinations in cervical intraepithelial neoplasia or cervical-cancer. Despite the
high incidence of cervical cancer worldwide, especially in less developed countries, there
have been few studies on innovative drugs. The knowledge acquired from patients with
head and neck cancer should be exploited, because in various ways this cancer resembles
cervical cancer(HPV positivity, squamous-cell carcinoma, association with smoking, and
sensitivity to combination treatment). This review focused on mechanisms of apoptosis
and their possible exploitation for new therapeutic strategies in HPV-induced cervical
cancer. Because HPV is the most important causal factor in the development of cervical
cancer, prevention of infections with high-risk subtypes through vaccination could
be important [1]. However, for many women who are already infected with the virus,
vaccination against cervical cancer will be of no use.

Search strategy and selection criteria
Data for this review were identified by searches of PubMed, and the websites of the
American Society of Clinical Oncology (from 1995 to April, 2004) and American
Association of Cancer Research(from 2002 to April, 2004) with the search terms "cervical
cancer", "apoptosis", "EGF", "IGF", "TRAIL", "COX", and "signal transduction".
References from articles identified by the above search strategy were also used. Only
papers published in English before December, 2004, were included.
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Abstract

In cervical carcinogenesis, the pS3 tumor suppressor pathway is disrupted by HPV
(human papilloma virus) E6 oncogene expression. E6 targets pS3 for rapid proteasome
mediated degradation. We therefore investigated whether proteasome inhibition by
MG132 could restore wild-type pS3 levels and sensitize HPV-positive cervical cancer cell
lines to apoptotic stimuli such as rhTRAIL(recombinant human TNF-related apoptosis
inducing ligand). In a panel of cervical cancer cell lines, CaSki was highly, HeLa
intermediate and SiHa not sensitive to rhTRAIL-induced apoptosis. MG132 strongly
sensitized HeLa and SiHa to rhTRAIL-induced apoptosis in a caspase-dependent and
time-dependent manner. MG132 massively induced TRAIL receptor DR4 and DRS
membrane expression in HeLa, whereas in SiHa only DRS membrane expression was
upregulated from almost undetectable to high levels. Antagonistic DR4 antibody
partially inhibited apoptosis induction by rhTRAIL and MG132 in HeLa but had no effect
on apoptosis in SiHa. Inhibition of E6-mediated pS3 proteasomal degradation by MG132
resulted in elevated levels of active pS3 as demonstrated by pS3 small interfering RNA
(siRNA) sensitive p21 upregulation. Although pS3 siRNA partially inhibited MG132induced DRS upregulation in HeLa and SiHa, no effect on rhTRAIL-induced apoptosis
was observed. MG132 plus rhTRAIL enhanced caspase 8 and caspase 3 activation and
concomitant cleavage of X-linked inhibitor of apoptosis(XIAP), particularly in HeLa. In
addition, caspase 9 activation was only observed in HeLa. Downregulation of XIAP using
siRNA in combination with rhTRAIL induced high levels of apoptosis in HeLa, whereas
MG132 had to be added to the combination of XIAP siRNA plus rhTRAIL to induce
apoptosis in SiHa. In conclusion, proteasome inhibition sensitized HPV-positive cervical
cancer cell lines to rhTRAIL independent of pS3. Our results indicate that not only DR4
and DRS upregulation but also XIAP inactivation contribute to rhTRAIL sensitization by
MG132 in cervical cancer cell lines. Combining proteasome inhibitors with rhTRAIL may
be therapeutically useful in cervical cancer treatment.
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Introduction
Apoptosis pathways can be activated by binding of apoptosis-inducing "death ligands",
such as Fas ligand (FasL) or TNF-related apoptosis inducing ligand(TRAIL), to their
cognate cell-surface death receptors(DR), Fas and DR4/DR5, respectively. Upon binding
of FasL or agonistic anti-Fas antibody to Fas, or TRAIL to DR4/DR5, a death-inducing
signaling complex (DISC) is formed composed of trimerized receptor molecules and
recruited Fas-associated death domain protein (FADD) and procaspase-8 molecules.
Following DISC assembly an intracellular apoptotic cascade is activated, leading to
cleavage of death substrates (e.g. poly(ADP)-ribose polymerase, PARP) and eventually
apoptosis [1 and 2]. Besides an extrinsic(DR-initiated) apoptosis pathway, there is also an
intrinsic(mitochondria-mediated) apoptosis-inducing route, which involves release of
apoptosis-promoting proteins from the mitochondria into the cytosol [2 and 3]. Diverse
stress pathways such as proteasome inhibition or DNA damage, which occurs after
chemotherapy and radiotherapy, can activate the mitochondrial apoptotic pathway. It
has been reported that proteasome inhibition enhanced recombinant human TNF-related
apoptosis inducing ligand(rhTRAIL)-induced apoptosis in multiple myeloma and colon
cancer cells [4 and 5].
The proteasome is a multicatalytic enzyme complex that controls the regulation
(by means of degradation) of many proteins involved in cell-cycle progression and
apoptosis. Proteins that are poly-ubiquitinated are recognized by the proteasome and
degraded [6]. Inhibition of proteasomal activity results in cell-cycle arrest and apoptosis
[7]. Proteasome inhibitors can sensitize tumor cells to TRAIL-mediated apoptosis by
several mechanisms including reduction of cFLIP levels, activation of proapoptotic Bax,
reduced degradation of inhibitor of apoptosis proteins(IAP)-mediated Smac/DIABLO
degradation, inactivation of the nuclear factor kappa B (NF-KB) pathway or reduced
degradation of p53 [8].
Proteasome inhibition may be a very effective way to increase wild-type p53
expression in cervical cancer cells. Cervical cancer is attributed to persistent infection
with high-risk human papilloma virus(HPV) types, mainly HPV16 or HPV18 [9]. The
HPV E6 and E7 proteins play a pivotal role in cervical carcinogenesis by their potential
to inactivate the tumor suppressor gene products p53 and retinoblastoma protein
(pRb), respectively. E6 and E7 target p53 and pRb to the ubiquitin-proteasome system
for degradation [10]. The differential activation trigger for apoptosis by DRs compared
to proteasome inhibitors provides a rationale for combination therapy of these agents
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to enhance tumor cell apoptosis. A molecular basis for synergy between proteasome
inhibition and death ligands such as rhTRAIL or rhFasL in HPV-positive cervical cancer
cells may be the p53-dependent upregulation of DR4, DRS or Fas. p53 transactivation
sites were found in the Fas, DR4 and DRS gene coding sequence [11 , 12 and 13]. Increased
expression of DRs or elevated DR surface expression following proteasome inhibition
has been demonstrated for DR4, DRS and Fas, but p53 dependence was not proven [5, 14,
15 and 16] . In the present study, we have investigated whether proteasome inhibition by
MG132 can potentiate rhTRAIL-induced apoptosis of HPV-positive cervical carcinoma
cell lines. The role of p53 in MG132-induced DR surface expression and in MG132induced sensitization to rhTRAIL was studied in detail.

Material and Methods
Reagents, chemicals and antibodies
Dulbecco's MEM, Nutrient Mixture F-12(HAM) medium and trypsin stock(lOx) solution
were obtained from Invitrogen-Life Technologies(Merelbeke, Belgium). Fetal calf serum
(FCS) was purchased from Bodinco (Alkmaar, The Netherlands). The proteasome
inhibitor MG132 and the broad-spectrum caspase inhibitor zVAD-fmk were purchased
from Calbiochem(Breda, The Netherlands). The RNA synthesis inhibitor actinomycin-D
and 3-(4,5-dimethylthiazol-2-yl) 2,5-diphenyltetrazolium bromide(MTT) were purchased
from Sigma-Aldrich(Zwijndrecht, The Netherlands), anti-Fas monoclonal antibody 7Cll
was from Immunotech(Marseille, France), rhTRAIL was produced noncommercially in
cooperation with IQ-Corporation(Groningen, The Netherlands), following a protocol
described previously [17]. The blocking anti-DR4 antibody (HS101) was purchased
from Alexis(10 P's BVBA; Breda, The Netherlands). Dimethyl sulfoxide(DMSO) was
purchased from Merck(Amsterdam, The Netherlands).
Cell lines and cell culture
The human cervical carcinoma cell lines HeLa S3(HeLa), CaSki and SiHa were obtained
from the American Type Culture Collection (ATCC, Manassas, VA, USA). Cells were
grown at 37°C in a humidified atmosphere with 5% CO2 in 1:1 DMEM/HAM medium
supplemented with 10% FCS. HeLa (HPV18 positive), CaSki and SiHa (both HPV16
positive) all contain wild-type p53. Cells were detached with 0.05% trypsin/0.5 rnM
EDTA in phosphate-buffered saline(PBS)(0.14 mM NaCl, 2.7 mM KCl, 6.4 mM Na2HPO4
· 2Hp, 1.5 mM KH2PO4, pH 7.4).
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Flow cytometry
Cells were plated in 6-well tissue culture plates and incubated with 10-µM MG132.
Cells were harvested 6 hr after MG132 treatment by trypsinizing the cells, washed in
cold PBS and diluted in cold PBS containing 2% FCS and 0.1% sodium azide. Cells were
incubated on ice for 30 min with 1:10 diluted phycoerythrin(PE)-conjugated anti-human
Fas monoclonal antibody DX-2 (Pharmingen, Alphen aan de Rijn, The Netherlands).
PE-conjugated mouse IgGl antibody (Pharmingen) served as an isotype control. For
detecting TRAIL receptor membrane expression, cells were incubated on ice for 30
min with PE-conjugated mouse anti-human DR4 or DRS antibodies (R&D Systems,
Oxon, UK) at a final concentration of 10 µg/ml. After washing, cells were resuspended
in 200 µl PBS/2% FCS/0.1% sodium azide and were analyzed(10,000 cells) using flow
cytometry(Epics Elite, Coulter-Electronics, Hialeah, FL, USA). The fluorescence intensity
is a measure for DR expression on the cell surface. For every treatment condition, 3
independent experiments were performed and were normalized to each other using the
total fluorescence.
Detection of apoptosis
In a 96-well culture plate, 15,000 cells were seeded for the 6 hr experiment and 10,000 cells
were seeded for the 24 hr experiment in 100 µl culture medium. The next day cells were
pretreated for 2 hr with 10 µM MG132 and/or blocking anti-DR4 antibody followed by 6
or 24 hr incubation with rhTRAIL or 7Cl 1(without removal of MG132 and/or blocking
anti-DR4 antibody) at 37°C.
Control cells were seeded with only medium or single-drug treatment. Nuclear
chromatin was stained with acridine orange to identify apoptosis by fluorescence
microscopy.
Western blot analysis
Exponential growing cells were harvested, washed in cold PBS and lysed in SDS sample
buffer(4% SDS, 20% glycerol, 0.5 M Tris-HCl, pH 6.8 and 0.002% bromophenol blue)
containing 10% 2-�-mercaptoethanol, by boiling for 5 minutes in a water bath. Proteins
were separated on a SDS-polyacrylamide gel and transferred to a polyvinylidene
difluoride(PVDF) membrane(Millipore BV, Etten-Leur, The Netherlands) by semidry
blotting. Western blotting was performed as described by Santa Cruz Biotechnology
(Heerhugowaard, The Netherlands), using skim milk as blocking agent. Equal loading of
protein was checked by Coomassie Brilliant Blue(Bio-Rad Laboratories BV, Veenendaal,
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The Netherlands) staining of the SDS-polyacrylamide gel and Ponceau-S (Sigma
Aldrich) staining of the PVDF membrane. The following antibodies were applied:
goat anti-Bak, goat anti-Bax and mouse anti-p53 (DO-1) were all obtained from Santa
Cruz Biotechnology. Mouse anti-XIAP(XIAP, X-linked inhibitor of apoptosis) and anti
caspase 3 antibodies were purchased from Transduction Laboratories(Alphen aan de
Rijn, The Netherlands). Mouse anti-FLIP (NF6) monoclonal antibody was a kind gift
from Dr M.E. Peter (The Ben May Institute for Cancer Research, Chicago, IL, USA).
Rabbit anti-caspase 9 antibody was purchased from Pharmingen, mouse anti-caspase
8 (1C12) antibody and rabbit-anti-cleaved caspase-3 from Cell Signalling Technology
(Leusden, The Netherlands), rabbit anti-Bid antibody was a kind gift from Dr. J. Borst
(The Netherlands Cancer Institute, Amsterdam, The Netherlands) and mouse anti-p21
was obtained from Oncogene Research(Cambridge, MA, USA). Secondary antibodies
conjugated with horseradish peroxidase(HRP) were obtained from DAKO(Glostrup,
Denmark). Chemiluminescence was detected using BM Chemiluminescence Blotting
Substrate(POD) or Lumi-LightPLUS Western blotting substrate(Roche Diagnostics).
RNA interference(RNAi)
Short interfering RNA (siRNAs) specific for human p53, XIAP or luciferase were
designed and synthesized by Eurogentec (Seraing, Belgium). The double-stranded
p53 siRNA sequence was 5'-GCAUGAACCGGAGGCCCAU-dTdT-3' (sense) and
5'-AUGGGCCUCCGGUUCAUGC-3' (antisense).

The

double-stranded

siRNA

specific for human XIAP was 5'-GUGGUAGUCCUGUUUCAGCdTdT-3' (sense) and
5'-GCUGAAACAGGACUACCACdTdT-3' (antisense). Oligonucleotides specific for
luciferase (Luci) mRNA served as a negative control [18]. Double-stranded luciferase
siRNA

sequence

was

5'-CUUACGCUGAGUACUUCGA-dTdT-3' (sense)

and

5'-UCGAAGUACUCAGCGUAAG-dTdT-3'(antisense).
HeLa(0.3

x

106 cells/well) and SiHa(0.2

x

106 cells/well) were transfected in 6-wells

plates(at 30-50% confluency) with 10 µl of 20 µM siRNA duplexes, using Oligofectamine
transfection reagent according to the manufacturer's instructions (Invitrogen-Life
Technologies). After 24 hr, cells were harvested and used for apoptosis assays and protein
isolation, respectively. Transfection efficiency was determined by flow cytometry analysis
of HeLa and SiHa cells transfected with FITC-labelled nonspecific oligonucleotides
(� 80%).
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Caspase enzyme activity
Cells were pretreated for 2 hr with 10 µM MG132 followed by treatment with 0.1 µg/ml
rhTRAIL for 6 hr and harvested. Activity of caspase-3 was assayed according to the
manufacturer's instructions, using the caspase 3-specific fluorescence peptide substrate
Ac-DEVD-AFC(Biomol Tebu-bio, Heerhugowaard, The Netherlands). Fluorescence from
free 7-amino-4-trifluoromethyl coumarin was monitored in a FL600 Fluorimeter Bio-tek
plate reader(Beun de Ronde, Abcoude, The Netherlands), using 380 nm excitation and
508 nm emission wavelengths. Relative caspase activity was obtained by comparing the
treated to the untreated samples. All experiments were performed in triplicate.
Statistics

Statistical analysis was performed using the Student's t-test; p values � 0.05 were
considered significant.

Results
Effect of proteasome inhibition by MG132 on rhTRAIL-induced apoptosis
W hen the HPV-positive HeLa, CaSki and SiHa cervical cancer cell lines were treated
with rhTRAIL in a survival assay only CaSki was highly sensitive to rhTRAIL-induced
cell death(IC50 = 0.011 µg/ml), whereas HeLa was slightly sensitive and SiHa resistant
(Figure lA). We have previously described similar observations for agonistic anti
Fas antibody 7Cll [19]. Therefore, 7Cll was included in the present study to allow
comparison between the mechanisms underlying TRAIL-receptor-mediated apoptosis
and Fas-mediated apoptosis.
Whether rhTRAIL-induced cell death was mediated through apoptosis, was
determined by acridine orange staining(Figure lB). The survival data correlated with
the apoptosis assay confirming that CaSki was highly sensitive to rhTRAIL(Figure lB)
and 7Cll [19].
HeLa and SiHa cells were used to determine the effect of proteasome inhibition by
MG132 on rhTRAIL or 7Cll-induced apoptosis. MG132 primarily sensitized both cell
lines to rhTRAIL with a clear induction of apoptosis after 6 h in HeLa, while an effect of
MG132 on 7Cll-induced apoptosis was only observed after 24 hr(Figure 2A). In HeLa,
the antagonistic anti-DR4 antibody blocked MG132 plus rhTRAIL-induced apoptosis
after a 6 hr treatment(Figure 2B). However, this antagonistic DR4 antibody had no effect
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on apoptosis after a 24 hr treatment with MG132 plus rhTRAIL in either HeLa or SiHa
(data not shown). The apoptosis-enhancing effect of MG132 was caspase dependent as
zVAD-fmk (a pan-caspase inhibitor) could completely block 7Cll- or rhTRAIL-mediated
apoptosis (data not shown).
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Figure 1. Sensitivity of cervical carcinoma cells for rhTRAIL. (A) Cytotoxicity of cervical
carcinoma cell lines after continuous exposure to rhTRAIL for 4 days. Data represent the mean
± SD of 3 independent experiments: (♦) HeLa, (■) CaSki, (.&) SiHa. (B) Induction of apoptosis
by rhTRAIL incubation for 24 hr. For HeLa and SiHa 0.1 µg/ml rhTRAIL was used, for CaSki
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by rhTRAIL or 7Cl l (anti-Fas) incubation for an additional 6 or 24 hr (without removal of
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Proteasome inhibition elevates DR membrane expression
The mechanism of rhTRAIL sensitization by MG132 was further analyzed. Flow cytometry
was performed to detect changes in expression levels after proteasome inhibition, as has
been described previously for colon cancer cells [5]. Analysis of basal DR membrane
levels showed that DR4 and Fas were expressed in HeLa and SiHa, whereas DRS was
only detected in HeLa(Figure 3A). MG132 treatment resulted in a strong induction of
DRS membrane expression in both cell lines. In SiHa, DRS induction was most prominent,
which was reflected in similar levels of DRS membrane expression in HeLa and SiHa
following MG132 treatment(Figures 3a and 3b). A large increase in DR4 and a minimal
but significant induction of Fas membrane levels was observed in HeLa after MG132
incubation(Figures 3A and 3B).

Proteasome inhibition restores p53 functionality
The observed DRS upregulation may be due to elevated levels of pS3. We therefore
investigated whether proteasome inhibition prevents E6-mediated pS3 degradation.
MG132 treatment resulted in elevated pS3 protein levels in a time-dependent manner in
HeLa and SiHa(Figure 4A). Upregulation of pS3 was accompanied by a time-dependent
increase in p21Wafl/Cipl (p21) protein levels. As p21 is also regulated by proteasome
mediated degradation [8 and 20], we determined to which extend enhanced p21
transcription contributed to the elevated p21 protein expression levels. Cells were treated
with either MG132 alone or MG132 in combination with the RNA-synthesis inhibitor
actinomycin-D. Actinomycin-D largely prevented MG132-induced p21 expression in
HeLa and SiHa(Figure 4B), which indicates that both transcriptional activation of p21
and, although to a lesser extent, inhibition of proteasome-mediated p21 degradation play
a role in the observed increase in p21 protein levels. pS3 siRNA was used to identify
whether pS3 caused the enhanced transcriptional activation of p21 after MG132 treatment
(Figure 4C). When cells were treated with MG132 in combination with pS3 siRNA, pS3 as
well as p21 protein levels were strongly reduced, whereas luciferase siRNA had no effect
on pS3 or p21 levels demonstrating that the elevated pS3 expression levels after MG132
treatment also resulted in more transcriptionally active pS3.
In HeLa, proteasome inhibition also increased expression levels of the late-response
pS3 target Bax after 6 hr(Figure 4A). However, no effect on Bax levels was observed in
SiHa, neither after 6 hr(Figure 4A) nor after 24 hr treatment(data not shown). Recently,
it was reported that proteasome inhibitors can promote apoptosis through activation of
mitochondrial apoptosis signalling pathways [21] also in Bax-negative colon cancer cells
- 97 -

Chapter 5

where Bak is involved [5] . We investigated Bak expression 24 hr after MG132 treatment
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but no changes in expression were observed in HeLa and SiHa (data not shown).
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Proteasome inhibition elevates DRS expression in a p53-dependent way
Previous studies found that proteasome inhibition was associated with increased DRS
transcription and upregulation of DRS cell membrane expression in human cancer cell
lines [5 and 14], but not in primary foreskin keratinocytes [21]. In the present study, we
demonstrated that MG132 treatment resulted in elevated DR4, DRS or Fas membrane
levels depending on the cell line used. In addition, proteasome inhibition increased
expression of functional pS3 that could be effectively inhibited with pS3 siRNA. Since pS3
may be involved in transcriptional activation of DR4, DRS and Fas, we analyzed whether
pS3 was responsible for the MG132-induced DR upregulation. MG132-induced DR4
upregulation was still observed in HeLa and SiHa following transfection with pS3 siRNA
or control luciferase siRNA(Figure SA). In contrast, MG132-induced DRS upregulation
was largely inhibited with p53 siRNA in SiHa, whereas luciferase siRNA had no effect
on MG132-induced DRS expression. In HeLa, a small reduction in DRS expression was
observed comparing cell surface levels in cells treated with MG132 plus pS3 siRNA versus
MG132 plus luciferase siRNA(Figures SA and SB). No effect was observed on MG132induced Fas membrane expression with pS3 siRNA in both cell lines(Figure SA).
Apoptosis induced by MG132 and rhTRAIL treatment is p53-independent
To determine whether the observed apoptosis induction by the combination treatment
of MG132 with rhTRAIL or 7Cll is pS3-dependent, we used pS3 siRNA to suppress
endogenous pS3 expression. Apoptosis induction was determined in pS3 or luciferase
siRNA transfected HeLa and SiHa cells treated with rhTRAIL, agonistic anti-Fas antibody
7Cll, MG132 and the combination MG132 plus rhTRAIL or 7Cll for 6 or 24 hr(Figures 6a
and 6b). No reduction in apoptosis was observed after pS3 siRNA transfection compared
to luciferase siRNA treated cells, indicating that pS3 upregulation is not essential in the
sensitization to rhTRAIL or 7Cll-mediated apoptosis by MG132.
Proteasome inhibition enhanced rhTRAIL-induced caspase activation
To investigate whether the MG132-induced DR4 and DRS upregulation resulted in
increased caspase 8 activation, caspase activation was analyzed after treatment with
MG132 plus rhTRAIL or 7Cl1 for 6 hr. At this time point some caspase-dependent
apoptosis was observed with a combination of MG132 and rhTRAIL (Figure 2A).
Treatment with MG132 plus rhTRAIL resulted in much higher levels of active caspase 8,
as defined by the appearance of the p18 cleavage product and the intermediate p43/p41
cleavage products, while procaspase 8 had almost completely disappeared in HeLa and
SiHa compared to treatment with rhTRAIL alone(Figure 7A). There is a clear difference
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between rhTRAIL and 7Cl l-induced caspase 8 activation in both HeLa and SiHa. 7Cl l
treatment resulted in the appearance of a 30 kDa intermediate product, which might
be an alternative caspase 8 cleavage product consisting of the p18 and the plO subunit.
Furthermore, 7Cl 1 in combination with MG132 resulted in a minimal elevation of the
p43/p41 and p18 caspase 8 cleavage products compared to 7Cl l alone (Figure 7A).
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Cleavage of Bid, as determined by a decrease in full-length Bid and the appearance
of the p15 cleavage product truncated Bid(tBid), was observed after rhTRAIL or 7Cll
treatment in HeLa(Figure 7A). The combination of MG132 plus rhTRAIL resulted in
nearly complete Bid cleavage in HeLa, which is in agreement with the high levels of
active caspase 8 when compared to treatment with rhTRAIL alone. MG132 plus 7Cll
resulted in a minimal increase in Bid cleavage as compared to 7Cll alone, which also
reflects the findings with caspase 8 activation in HeLa. In SiHa, however, only treatment
with MG132 plus rhTRAIL induced some cleavage of Bid despite the massive activation
of caspase 8.
Following rhTRAIL treatment, the level of full-length caspase 3 level is most
prominently reduced in HeLa(Figure 7a). Surprisingly, in both HeLa and SiHa full
length caspase 3 is almost undetectable after treatment with MG132 plus rhTRAIL for 6
hr, whereas a large difference in apoptosis induction with this combination was observed
between these cell lines(Figures 2 and 7A). Therefore, caspase 3 activation was further
investigated using an active-caspase 3-specific antibody(Figure 7C). The disappearance
of caspase 3 following rhTRAIL treatment was accompanied by the appearance of a p19/
p20 fragment of caspase 3 in HeLa. Treatment of HeLa cells with MG132 plus rhTRAIL
resulted in further cleavage of caspase 3 into a p17 fragment, the supposed active form of
caspase 3 [21], while the pl9/p20 fragment was still detectable. In SiHa only MG132 plus
rhTRAIL resulted in detectable caspase 3 cleavage, for the larger part p19/p20 fragments.
With a caspase 3 activity assay the highest caspase 3 activity was observed in HeLa
treated with MG132 and rhTRAIL(Figure 7d). The results with the caspase 3 activity
assay related well to the observed caspase 3 cleavage pattern, i.e. the appearance of a p17
fragment of caspase 3 (Figure 7C), and to the higher percentage of apoptosis in HeLa
when compared to SiHa following treatment with MG132 plus rhTRAIL(Figure 2A).
Analyzing caspase 9 activation in HeLa demonstrated that rhTRAIL, 7Cll and MG132
treatment resulted in caspase 9 activation, as was demonstrated by the appearance of
caspase 9 p37/p35 cleavage products(Figure 7A). MG132 in combination with rhTRAIL
strongly enhanced caspase 9 activation, which was less pronounced in combination with
7Cll. In contrast, minimal caspase 9 activation was only observed with a combination of
MG132 and rhTRAIL in SiHa. XIAP can interact with caspase 9 and caspase 3 and inhibit
their activity, but alternatively XIAP itself is also a substrate for caspases. We therefore
examined the levels of XIAP after MG132 and/or death ligand treatment. XIAP cleavage
was detected in HeLa after 6 hr treatment with rhTRAIL or 7Cll alone but not with
MG132. However, stronger cleavage of XIAP occurred after treatment with MG132 plus
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rhTRAIL (Figure 7B). In SiHa, cleavage of XIAP was less profound compared to HeLa,
as longer exposure times were necessary to reveal the p30 cleavage product of XIAP in
SiHa. In both cell lines, MG132 plus rhTRAIL treatment was more potent in inducing
XIAP cleavage than MG132 plus 7Cl 1.

ll,

-�

A.

.,.,_,f� �� -��

�l-,;, ◊c.)C,-�{>�� c,"

0
�<fj

ll,

-�

�

�l-,;,

1-- .. -1 1 --o

v

1 -- -----1
HeLa

�

.,.,_71-� �� -�
�
0
.,.,,c,
�
c,;,
◊
�<fj

o

v

-�{>� c,"

I XIAP

1 -- - -- 1

actin

SiHa

XIAP siRNA

■ Oligofectamin

B.
80
70
60
-�en
50
0
40
0
ra 30
20

HeLa

40

30
20

0

10

0

SiHa

80
70
60
50

10

control

rhTRAIL

0

control

rhTRAIL

MG132

MG132+

rhTR ATT ,

Figure 8. Downregulation of XIAP sensitizes cells to TRAIL-induced apoptosis. (A) XIAP
siRNA treatment for 24 hr efficiently downregulates XIAP protein levels in HeLa and SiHa.
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We used XIAP siRNA to define whether the observed XIAP inactivation as a result
of XIAP cleavage was involved in the MG132-induced sensitization to rhTRAIL. XIAP
levels were effectively reduced following treatment with XIAP siRNA in HeLa and SiHa
(Figure 8A), while almost no apoptosis was induced in XIAP siRNA-treated cells (Figure
8B). However, treatment with rhTRAIL for 6 hr induced massive apoptosis in XIAP siRNA
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treated HeLa but not in SiHa cells. The apoptosis percentage in XIAP suppressed HeLa
cells is within the same range as the induction of apoptosis in HeLa after treatment with
MG132 plus rhTRAIL for 6 hr(Figures 2A vs. 8B). The minimal induction of apoptosis
in XIAP suppressed SiHa cells is also comparable to the minimal levels of apoptosis
observed in SiHa when treated with MG132 plus rhTRAIL for 6 hr(Figures 2A vs. 8B).
XIAP suppressed SiHa cells, however, became extremely sensitive to the combination of
MG132 and rhTRAIL for 6 hr(Figure 8B).

Discussion
In the present study, we demonstrated that HPV-positive cervical carcinoma cell lines can
be strongly sensitized to rhTRAIL using the proteasome inhibitor MG132. Proteasome
inhibition resulted in pS3 induction and upregulation of particularly DRS cell surface
expression. However, pS3 upregulation was dispensable for the observed sensitizing
effect to rhTRAIL-induced apoptosis as was demonstrated with pS3 siRNA. Upregulation
of DRS was partially dependent on pS3, whereas no effect of pS3 siRNA on DR4 surface
expression was observed. Proteasome inhibition resulted in the enhanced activation of
caspase 8 by rhTRAIL in HeLa and SiHa. Further downstream in the apoptotic signalling
cascade, increased caspase 3 activation and XIAP cleavage occurred in both cell lines.
A similar sensitizing effect of proteasome inhibition on Fas-mediated apoptosis was
observed in HeLa and SiHa, although the kinetics of apoptosis-induction are different,
i.e. slower with 7Cl l compared to rhTRAIL. XIAP siRNA experiments demonstrated that
XIAP was an important inhibitor of apoptosis in both cell lines. Our results indicate
that DR upregulation and XIAP inactivation contribute to proteasome inhibitor-induced
sensitization to rhTRAIL in human cervical cancer cell lines.
Inhibition of the ubiquitin-proteasome pathway has been implicated in the regulation
of TRAIL apoptosis signalling by multiple mechanisms including inhibition of pS3
degradation [8]. The ubiquitin-proteasome pathway is also involved in a critical event
of cervical carcinogenesis, namely the HPV E6-mediated targeting of pS3 for rapid
proteasome-mediated degradation. Despite the presence of HPV E6, cervical cancer
cells still contain transactivating pS3 protein [22 and23]. We therefore hypothesized
that proteasome inhibition may effectively enhance rhTRAIL and anti-Fas antibody
sensitivity in HPV-positive cells via a pS3-dependent pathway. Using actinomycin-D or
pS3 siRNA, we demonstrated that MG132 treatment lead to restored functional pS3 and
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that pS3 is involved in MG132-induced upregulation of DRS cell surface expression in
HeLa and SiHa. Involvement of pS3-mediated transcriptional activation of DRS has also
been demonstrated by others [24, 25 and 26] . Previous studies have demonstrated that pS3
can transcriptionally activate DR4 and Fa s [11 and 12] and is involved in Fas trafficking
to the cell membrane [27]. In the present study, we observed no effect on DR4 or Fas
expression upon pS3 siRNA, thereby excluding the involvement of pS3 in the MG132mediated increase in DR4 and Fas cell surface levels in HPV18-positive HeLa cells. In
HPV16-positive SiHa cells no upregulation of DR4 and Fas cell membrane expression was
observed at all following MG132 treatment. A complicating factor accompanying the use
of proteasome inhibitors in treatment of cervical neoplasia may be that restoration of pS3
functionality will never be achieved completely due to the interfering role of the HPV E6
protein. In addition, DR upregulation may be dependent on the HPV subtype as HPV16
E6 and HPV18 E6 differ in their ability to bind to and degrade a number of membrane
associated guanylate kinase proteins [28]. Furthermore, E6 has additional biological and
transforming activities independent of pS3 degradation [10]. High-risk E6 oncoproteins
were shown to bind to numerous cellular proteins involved in apoptosis such as FADD,
Bak, c-Myc, TNF receptor 1 and to transcriptional co-activators such as p300/CBP and
human ADA3 targeting them for proteasome-mediated degradation [10, 29, 30, 31 and
32]. To investigate the effect of HPV E6 on pS3 functionality and DR-mediated apoptosis
in these HPV-positive cervical cancer cell lines in more detail, experiments should
involve downregulation of E6 by siRNA against HPV E6. This is feasible as was recently
demonstrated by specific repression of HPV E6 using a siRNA approach, which resulted
in enhanced expression of pS3 in HPV-positive cervical cancer cells [33].
Our findings in HeLa and SiHa are supported by a recent study demonstrating that
proteasome inhibition resulted in upregulation of DR4 and DRS in non-cervical cancer
cells [5] . Since in our study pS3 siRNA only partially inhibited MG132-induced DRS cell
surface expression without effect on DR4, other mechanisms must be involved. Recent
reports described that rhTRAIL induces internalization of DR4 and DRS in endosomes [5],
while DRS protein stability and DRS ubiquitination are enhanced following proteasome
inhibition [34], suggesting that inhibition of DR4 and DRS endocytosis by MG132 may
be involved. Surprisingly, in primary foreskin keratinocytes no effect on DR4 or DRS
cell membrane expression was observed with a proteasome inhibitor suggesting that the
mechanism of TRAIL receptor upregulation is cancer cell specific [21]. The enhanced DR4
and / or DRS membrane expression in HeLa and SiHa resulted in an increase in rhTRAIL
induced caspase 8 activation, suggesting functional receptor upregulation. Inhibition of
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DR4 apoptosis signalling using a blocking anti-DR4 antibody demonstrated that both
DR4 and DRS are involved in MG132-induced sensitization to rhTRAIL in HeLa. DRS
was not expressed in SiHa, but after treatment with MG132, DRS surface expression was
strongly upregulated from undetectable to high levels. As apoptosis induction by MG132
plus rhTRAIL could not be blocked with antagonistic anti-DR4 antibody, these results
demonstrate the importance of DRS surface upregulation at least in SiHa. No effect
of pS3 siRNA was observed on apoptosis induction by rhTRAIL in combination with
MG132, which may be due to the limited reduction in DRS membrane expression and the
unaffected DR4 membrane levels in the presence of pS3 siRNA. In addition, these results
demonstrate that pS3 itself is minimally involved in the sensitizing effect of MG132 on
rhTRAIL induced apoptosis.
Although upregulation of DR cell surface expression levels is important for rhTRAIL
sensitivity, it is not the only mechanism involved in the MG132-induced sensitization to
rhTRAIL. At the intracellular level MG132 plus rhTRAIL resulted in almost complete
activation of caspase 8, as reflected by the clearly detectable p18 cleavage product, and
maximal caspase 3 cleavage in Hela and SiHa. The highest level of the active p17 fragment
was detected in HeLa treated with MG132 in combination with rhTRAIL, which also was
related to the highest level of caspase 3 activity and apoptosis induction in these cells
as compared to SiHa. A previous study demonstrated that caspase 3 activation, i.e. the
appearance of a p17 cleavage product, was related to the release of a XIAP-mediated
block by proteasome inhibition probably involving the mitochondrial apoptosis
pathway [21]. Several studies described that proteasome inhibition in combination with
rhTRAIL resulted in the release of pro-apoptotic mitochondrial proteins such as Smac/
DIABLO and cy tochrome c. [5 and 21] XIAP interacts with caspase 9 and caspase 3 thereby
inhibiting their activation [35 and 36]. Released in the cytosol, Smac/DIABLO then binds
to and inhibits XIAP function, thus allowing caspase 9 and caspase 3 activation [37]. The
actual binding of Smac/DIABLO to XIAP following treatment with proteasome inhibitors
and rhTRAIL, however, has not been demonstrated yet [5 and 21]. The elevated levels
of active caspase 9 in HeLa but almost not in SiHa suggest that treatment with MG132
plus rhTRAIL induced activation of the mitochondrial apoptotic pathway in HeLa. In
addition, this combination resulted in a strong reduction of full-length XIAP levels and
elevated levels of cleaved XIAP in HeLa but had much less effect on XIAP in SiHa after
6 h. The importance of XIAP as an intracellular inhibitor of rhTRAIL-induced apoptosis
in HeLa cells was demonstrated by specific downregulation of XIAP using siRNA that
sensitized HeLa cells to rhTRAIL. In SiHa cells, XIAP downregulation was not sufficient
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to enhance rhTRAIL sensitivity, which may be explained by the lack of caspase 8 and
caspase 9 activation induced by rhTRAIL alone in these cells as compared to HeLa. The
combination of MG132 with rhTRAIL in XIAP suppressed SiHa cells strongly accelerated
apoptosis induction also when compared to SiHa cells treated with a combination of
MG132 and rhTRAIL. This indicates that both DR upregulation and XIAP inactivation
contribute to MG132 induced sensitization to TRAIL of particularly SiHa cells.
Recently, several studies have demonstrated that the proteasome is a suitable
neoplastic target with clinical potential. The proteasome inhibitor bortezomib, also known
as PS-341 or Velcade®, has been registered for the treatment of relapsed and refractory
multiple myeloma [38 and 39]. Bortezomib monotherapy showed some antitumor
activity in various tumors including squamous cell carcinomas and tumors that lacked
p53 expression [7], presenting proteasome inhibitors as interesting compounds also for
cervical cancer treatment. Proteasome inhibitors also sensitized primary keratinocytes
to rhTRAIL, although only through an intracellular mechanism involving caspase 3
activation through XIAP release [21]. However, our results suggest a therapeutic window
as proteasome inhibition affects DR cell surface expression as well as the intracellular
apoptotic pathway in cervical cancer cell lines. Furthermore, bortezomib treatment
increased functional p53 levels in cancer cells [26], which does not appear to be essential
in the cervical cancer cell lines for sensitivity to rhTRAIL-induced apoptosis, but will
result in a further enhancement of DRS membrane expression.
In conclusion, our results demonstrate that proteasome inhibition can sensitize
HPV-positive cervical cancer cells to rhTRAIL independent of p53. In addition, DR4
and DRS surface upregulation but also XIAP inactivation contribute to MG132-induced
sensitization to rhTRAIL in cervical cancer cell lines.
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Abstract
Purpose: To investigate the potential of irradiation in combination with drugs targeting
the tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) death receptor
(DR)4 and DRS and their mechanism of action in a cervical cancer cell line.
Methods and Materials: Recombinant human TRAIL (rhTRAIL) and the agonistic
antibodies against DR4 and DRS were added to irradiated HeLa cells. The effect was
evaluated with apoptosis and cytotoxicity assays and at the protein level. Membrane
receptor expression was measured with flow cytometry. Small-interfering RNA against
pS3, DR4, and DRS was used to investigate their function on the combined effect.
Results: rhTRAIL and the agonistic DR4 and DRS antibodies strongly enhanced 10-Gy
induced apoptosis. This extra effect was 22%, 23%, and 29% for rhTRAIL, DR4, and
DRS, respectively. Irradiation increased pS3 expression and increased the membrane
expression of DRS and DR4. pS3 suppression, as well as small-interfering RNA against
DRS, resulted in a significant downregulation of DRS membrane expression but did
not affect apoptosis induced by irradiation and rhTRAIL. After small-interfering RNA
against DR4, rhTRAIL-induced apoptosis and the additive effect of irradiation on
rhTRAIL-induced apoptosis were abrogated, implicating an important role for DR4 in
apoptosis induced through irradiation in combination with rhTRAIL.
Conclusion: Irradiation-induced apoptosis is strongly enhanced by targeting the pro
apoptotic TRAIL receptors DR4 or DRS. Irradiation results in a pS3-dependent increase
in DRS membrane expression. The sensitizing effect of rhTRAIL on irradiation in the
HeLa cell line is, however especially mediated through the DR4 receptor.
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Introduction
Currently, locally advanced cervical cancer is treated with irradiation combined with
chemotherapy. Despite the improvement with this combination compared with irradiation
alone, the overall survival rate is still around S2% [1]. In addition, this treatment results in
considerable morbidity [2]. Additional improvement in survival rates by intensifying the
standard treatment(irradiation with platinum-based chemotherapy) is limited because
of tumor resistance to irradiation and/or chemotherapy and the expected increase in
short- and long-term side effects.
Irradiation-induced cell death is considered to be the result of DNA damage linked
to mitosis. However, in preclinical models resistance to irradiation can be overcome
by inducing apoptosis with molecular targeted agents [3, 4 and 5]. Targeting molecular
pathways involved in apoptosis are therefore tentative options in the effort to improve
the therapeutic effect in cervical cancer [6].
Tumor necrosis factor-related apoptosis-inducing ligand(TRAIL) is a tumor necrosis
factor family member cytokine that can induce apoptosis by binding to the agonistic
death receptor 4(DR4) or DRS. Binding of TRAIL to its DRs results in activation of the
DR, which activates caspase-8. Activation of caspase-8 can directly lead to apoptosis
through caspase-3 activation(extrinsic pathway). In addition, cleavage of the Bcl-2 family
member Bid by caspase-8 can activate the mitochondrial(intrinsic) apoptotic pathway [7
and 8]. Several stress signals, including radiation-induced DNA damage can also activate
the intrinsic apoptotic pathway. Pro-apoptotic proteins are then released from the
mitochondria into cytosol-enhancing caspase activation. In addition to preclinical data,
which have demonstrated that DRs are interesting targets for treatment, recent Phase I
studies have proved that recombinant human TRAIL(rhTRAIL) and agonistic antibodies
directed against the DR4 and DRS can be safely administered in humans [9 and 10].
Combining ionizing radiation with rhTRAIL in preclinical studies can render tumor
cells more sensitive to apoptosis [11, 12, 13, 14, 15, 16 and 17]. Depending on the model
used, increased DR4 and DRS expression, induction of Bax or Bak, and decreased Bcl2
expression have been suggested to explain the increase in cytotoxicity of the combination
of irradiation with rhTRAIL [11, 12, 13 and 18]. A molecular basis for the synergy between
irradiation and rhTRAIL in these studies might be p53-dependent upregulation of DRS
and DR4, because pS3 transactivation sites are present in the DR gene coding sequences
[19, 20 and 21]. pS3 is frequently functionally inactivated in cervical cancer because of the
presence of high-risk human papillomaviruses(HPVs), especially HPV16 and HPV18.
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These HPVs play a crucial role in the pathogenesis of cervical cancer [22]. The HPV
encoded oncogenes E6 and E7 can inactivate the tumor suppressor gene product pS3 and
pRb, respectively, by targeting them to the ubiquitin-proteasome system for degradation
[23].
Little is known about the combined effect of irradiation and rhTRAIL in HPV-positive
cervical cancer models or the role of pS3, DR4, and DRS in this setting. Irradiation induces
pS3 transcriptional activation in cervical cancer cell lines [19], and increased expression
of the DR4 and DRS is found in cervical tumors compared with normal cervical tissue
[24]. The objective of this study was, therefore, to explore the potential of irradiation
in combination with drugs targeting the TRAIL DRs. As a model we used the HPV18positive human cervical cancer cell line HeLa S3, which contains wild-type pS3 and is
intermediately sensitive to rhTRAIL [25] . Emphasis was put on the role of DR4 and DRS
in relation to irradiation-induced pS3 expression.

Methods and Materials
Reagents and chemicals
Dulbecco's minimum essential medium and Nutrient Mixture F-12 (HAM) were obtained
from Invitrogen-Life Technologies (Merelbeke, Belgium) and fetal calf serum from Bodinco
(Alkmaar, The Netherlands). 3-(4,5-dimethylthiazol-2-yl) 2,S-diphenyltetrazolium
bromide (MTT) was purchased from Sigma-Aldrich (Zwijndrecht, The Netherlands),
dimethyl sulfoxide from Merck (Amsterdam, The Netherlands), trypsin stock (lOx)
solution and ethylenediaminetetraacetic acid from Invitrogen-Life Technologies, and
skim milk powder from Merck (Darmstadt, Germany).
Recombinant human TRAIL was produced noncommercially in cooperation with IQ
Corporation (Groningen, The Netherlands) following a protocol described previously
[9] . The agonistic anti-TRAIL-Rl (mapatumumab, HGS-ETRl ) and anti-TRAIL-R2 (HGS
TR2J) antibodies were a gift from Human Genome Sciences (Rockville, MD).

Cell line and cell culture
The human cervical carcinoma cell lines HeLa 53 (HeLa; HPV18-positive, wild-type pS3),
CaSki, and SiHa (both HPV16-positive, wild-type pS3) were obtained from the American
Type Culture Collection (Manassas, VA). The cells were grown at 37° C in a humidified
atmosphere with S% carbon dioxide in 1:1 Dulbecco's minimum essential medium/HAM
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medium supplemented with 10% fetal calf serum. The cells were detached with 0.05%
trypsin/0.5 mM ethylenediaminetetraacetic acid in phosphate-buffered saline(PBS; 0.14
M NaCl, 2.7 M KCl, 6.4 M Na2HPO,v 2Hp, 1.5 M KH2PO4, pH 7.4).
Irradiation
The cells were irradiated with a 137Cs y-ray machine(IBL 637, CIS Bio International Gif/
Yvette, France) with a dose rate of 0.9 Gy/min.
Apoptosis assay
In a 96-well culture plate, 5,000 cells/well were seeded in 100 µL culture medium. The next
day, the cells were treated with irradiation and/or rhTRAIL in different combinations,
varying in treatment order, concentration, and duration in 200 µL/well. At the end of
the experimental period, acridine orange was added, and apoptosis quantified using a
fluorescence microscope. Apoptosis was defined by the appearance of apoptotic bodies
and/or chromatin condensation. The results are expressed as the percentage of apoptotic
cells in culture(by counting � 300 cells/well). This assay was performed three times.
Cytotoxicity assay
The MTT assay was used to determine the cytotoxic activity of rhTRAIL in combination
with irradiation. In a 96-well culture plate, 3,000 cells/well(to obtain logarithmic cell
growth at day 4) were incubated in 100 µL. Treatment consisted of irradiation followed
by continuous incubation with rhTRAIL in varying concentrations in 200 µL/well.
Cytotoxicity was determined after 4 days by adding 20 µL MTT solution and incubated
for 3.5 h at 37° C. After centrifugation, the culture supernatant was discarded, and the blue
formazan crystals, which are only formed in living cells by oxidation, were resuspended
by adding dimethyl sulfoxide. The plate was read at 520 nm using a microtiter well
spectrometer (Benchmark Microplate Reader, Bio-Rad Laboratories, Veenendaal, The
Netherlands). Controls consisted of media without cells. Cell survival was defined as
the growth of treated cells compared with untreated cells. The assay was performed in
quadruplicate and repeated three times.
Western blot analysis
Exponential growing cells were harvested, washed in cold PBS, and lysed in sodium
dodecyl sulphate(SDS) sample buffer(4% SDS, 20% glycerol, 0.5 M Tris-HCl, pH 6.8,
and 0.002% bromophenol blue) containing 10% 2-f3-mercaptoethanol, by boiling for
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5 min in a water bath. The proteins were separated on a SDS-polyacrylamide gel and
transferred to a polyvinylidene difluoride membrane (Millipore BV, Etten-Leur, The
Netherlands) by semidry blotting. Western blotting was performed as described by
Santa Cruz Biotechnology (Santa Cruz, CA) using skim milk as the blocking agent.
Equal loading of protein was checked by Coomassie Brilliant Blue(Bio-Rad Laboratories
BV) staining of the SDS-polyacrylamide gel and Ponceau-S(Sigma-Aldrich, Steinheim,
Germany) staining of the polyvinylidene difluoride membrane. The following antibodies
were applied: goat anti-Bak (N20) SC-1035, rabbit anti-Bax(N20) SC-493, mouse anti
Bcl-2 (100) SC-509, mouse anti-p53 (DO-1) SC-126, and mouse anti-p21 (FS) SC-6246
(all obtained from Santa Cruz Biotechnology); mouse anti-XIAP and anti-caspase-3
antibodies (Transduction Laboratories, Alphen aan de Rijn, The Netherlands); rabbit
anti-caspase 9 antibody (Pharmingen); rabbit anti-cleaved caspase-3 and mouse anti
caspase 8 (1C12) antibodies (Cell Signaling Technology, Leusden, The Netherlands);
and rabbit anti-poly (ADP-ribose) polymerase (PARP) antibody (Roche Diagnostics,
Almere, The Netherlands). Mouse anti-FLIP(NF6) monoclonal antibody was a gift from
Dr. M.E. Peter(Ben May Institute for Cancer Research, Chicago, IL); and rabbit anti-Bid
antibody was a gift from Dr. J. Borst (The Netherlands Cancer Institute, Amsterdam,
The Netherlands). Secondary antibodies conjugated with horseradish peroxidase were
obtained from DAKO Cytomation (Glostrup, Denmark). Chemiluminescence was
detected using BM Chemiluminescence Blotting Substrate (POD) or Lumi-LightPLUS
Western blotting substrate(Roche Diagnostics).
Caspase-3 activation assay
The activity of caspase-3 was assayed according to the manufacturer's instructions using
the fluorescence peptide substrate DEVD-MCA (Zebra Bioscience BV, Enschede, The
Netherlands). Fluorescence from free 7-amino-4-trifluoromethyl coumarin was monitored
in a FL600 Fluorimeter Bio-tek plate reader(Beun de Ronde, Abcoude, The Netherlands)
using 380-nm excitation and 508-nm emission wavelengths. Relative caspase-3 activity
was calculated by the fluorescence of a sample of treated cells compared with a sample
of untreated cells. The experiments were repeated three times.
Flow cytometry
To determine the cellular membrane expression of DR4 and DRS, the cells were
harvested from the culture medium by centrifugation at 900g for 5 min and washed
twice with cold FACS medium(PBS supplemented with 2% fetal calf serum and 0.1%
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sodium azide). The cells were then incubated for 1 h with the anti-human DR4 antibody
(Alexis Biochemicals, Zandhoven, Belgium) or the phycoerythrin-labeled anti-human
DRS antibody(R&D Systems, Minneapolis, MN), which were diluted 1 :10 in cold FACS
medium for 1 h on ice in the dark and washed twice with cold PBS. As a secondary step,
anti-human DR4 antibody-stained cells were incubated with phycoerythrin-conjugated
rabbit-anti-mouse (DAKO Cytomation) for 30 min on ice. Phycoerythrin-conjugated
mouse IgGl and IgG2b antibody(R&D Systems) served as the isotype control for DR4
and DRS, respectively. Analysis was performed on a Coulter Elite Flow cytometer(Epics
Elite, Coulter-Electronics, Hialeah, FL) with Winlist and Winlist 32 software (Verity
Software House, Topsham, ME). DR4 and DRS expression was determined as the mean
fluorescence intensity.

RNA interference
Small-interfering RNA(siRNA) specific for human p53, DRS, and DR4 were designed
and synthesized by Eurogentec(Seraing, Belgium). The double-stranded p53 siRNA se
quence was S'GCAUGAACCGGAGGCCCAU-dTdT 3'(sense) and 5'AUGGGCCUCCG
GUUCAUGC-dTdT3' (antisense). The double-stranded siRNA specific for human DRS
was 5'GACCCUUGUGCUCGUUGUC-dTdT3' (sense) and 5'GACAACGAGCACAAG
GGUC-dTdT3' (antisense). The double-stranded siRNA specific for human DR4 was
5'CACCAAUGCUUCCAACAAU-dTdT3' (sense) and 5'AUUGUUGGAAGCAUUG
GUG-dTdT3'(antisense). Oligofectamine-treated cells served as a negative control.
The HeLa cells (0.3

x

106 cells/well) were transfected in six-well plates (at 30-50%

confluency) with 10 µL of 20 µM siRNA duplexes using oligofectamine transfection
reagent according to the manufacturer's instructions (Invitrogen-Life Technologies).
After 24 h, cells were harvested and replated for additional treatment.

Statistical analysis
Statistical analysis was performed using the two-sample

t

test and the paired

Differences associated with p < 0.05 were considered significant.
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Results
Increased apoptosis induction and reduced cell survival after treatment with
irradiation and rhTRAIL
First, we determined the sensitivity to irradiation and rhTRAIL separately. The effect
of irradiation on apoptotic cell death in human cervical cancer cells(HeLa) was dose
dependent.
The percentage of apoptosis after increasing doses of irradiation remained low, with
only 9% ± 6% standard deviation(SD) apoptosis at a 10-Gy dose(Figure la). In a survival
assay, rhTRAIL reduced cell survival, which never exceeded 20%. Similar results were
obtained for rhTRAIL with an apoptosis assay. Next, the cells were irradiated 24 h before
rhTRAIL exposure and co-incubated with rhTRAIL(100 ng/mL) for an additional 24
h. A large enhancing effect of rhTRAIL on apoptosis was observed at a dose of 10 Gy
(Figure la). Treating HeLa cells first with rhTRAIL and then with irradiation did not
enhance the apoptotic effect(data not shown). We used the MTT assay to evaluate the
effect of cell survival on apoptosis. The survival percentage after 10 Gy was 48% ± 8%
SD. After normalizing for death by irradiation, 10 ng rhTRAIL/mL and 50 ng rhTRAIL/
mL resulted in 30% less cell survival(Figure lb) compared with the nonirradiated cells
(p < 0.001). These results demonstrated that the effect on apoptosis translates into an
effect on cell survival. In two other cervical cancer cell lines, SiHa and CaSki, apoptosis
and cell survival were not affected by irradiation in combination with rhTRAIL(data not
shown).We chose the lowest rhTRAIL concentration(10 ng/mL) that showed a maximal
effect in combination with 10 Gy to investigate rhTRAIL-induced apoptosis and the
involvement of DR4 and DRS in rhTRAIL-induced apoptosis. As shown in Figure 2, the
combination of rhTRAIL and irradiation had a more than additive cytotoxic effect in
the HeLa cell line. The absolute increase in apoptosis was 22% greater than the additive
effect of the two separate modalities (p < 0.006; Figure 2A,B). As additional readouts
for apoptosis, PARP cleavage and caspase-3 activation were determined. rhTRAIL
plus irradiation induced the greatest levels of caspase-3 activity compared with single
treatment(Figure 2C). When calculating the absolute values, the combination resulted
in 24% more caspase-3 activity than the sum of the value for rhTRAIL and irradiation
separately. Western blotting showed elevated levels of cleaved PARP when the cells were
exposed to rhTRAIL and irradiation(Figure 2D). The results of PARP cleavage and the
caspase-3 activity assay correlated with the acridine orange apoptosis assay, proving
that treatment of HeLa with a combination of irradiation and rhTRAIL results in strong
enhancement of apoptosis. It is known that active caspase-3 is less stable than the cleaved
- 1 18 -
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PARP product. This, in combination with the long time span of our experiments, could
be an explanation of why the caspase-3 activity assay reflects apoptosis less well than
PARP cleavage.
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Figure 1. Induction of recombinant human tumor necrosis factor-related apoptosis
inducing ligand (rhTRAIL)-mediated apoptosis and reduced survival after irradiation. (A)

Apoptosis determined by acridine orange staining, 48 h after irradiation and 24 h after 0.1 µg/
mL rhTRAIL. Data presented as mean ± standard deviation of three independent experiments.
(B) Reduced cell survival by rhTRAIL combined with 10 Gy irradiation measured with
3-(4,5-dimethylthiazol-2-yl) 2,5-diphenyltetrazolium bromide cell survival assay. Percentages
normalized for effect caused by irradiation alone. Data presented as mean ± standard deviation
of three independent experiments.
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Figure 2. Irradiation sensitizes HeLa cells to recombinant human tumor necrosis factor
related apoptosis-inducing ligand (rhTRAIL)-mediated apoptosis. (A) Percentage of
apoptotic cells after treatment with 10 Gy irradiation and 10 ng/mL rhTRAIL. Data presented
as mean ± standard deviation of three independent experiments. (B) Fluorescent microscopic
picture of cells with and without irradiation and with and without rhTRAIL. (C) Effect of
irradiation combined with rhTRAIL on caspase-3 activity using caspase-3-specific fluorescence
peptide substrate. Results expressed as x-fold of induction compared with caspase-3 activity
in untreated lysates. Data presented as mean ± standard deviation of three independent
experiments. (D) Western blot analysis of poly (ADP-ribose) polymerase.
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Figure 3. Western blots. (A) Expression of intrinsic and extrinsic pathway proteins and �-actin
as loading control. (B) Expression of p53, Bcl2, Bax, and Bak after irradiation. rhTRAIL =
recombinant human tumor necrosis factor-related apoptosis-inducing ligand.

Intrinsic and extrinsic pathway are involved in irradiation induced sensitization
to rhTRAIL
At the molecular level, we demonstrated that the apoptotic route through caspase-8
becomes more activated by exposure to rhTRAIL plus irradiation, because this
combination induced cleavage of caspase-8 into the active p18 product (Figure 3A). The
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intrinsic pathway becomes activated as well, as demonstrated by cleavage of Bid and
caspase-9 (Figure 3A). Although irradiation was able to partially cleave antiapoptotic
proteins such as XIAP and FLIP, irradiation plus rhTRAIL did not induce more cleavage
of these proteins than rhTRAIL alone (Figure 3A). The expression of Bcl2 and Bax was
not influenced by irradiation although we saw an induction of Bak expression (Figure
3B).
A.
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---- IgG I control
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- - - - DR4after l0 Gy
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- - - - DRS after lO Gy

10
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100

1000

Figure 4. Irradiation-induced surface expression. Flow cytometry analysis of death receptor
(DR)4 and DRS membrane expression in HeLa cells 24 h after irradiation with 10 Gy compared
with nonirradiated cells. Representative example of irradiation-induced upregulation of (A)
DR4 and (B) DRS membrane expression. Isotype control (gray area), basal DR4 and DRS
expression (solid line), and DR4 and DRS expression after irradiation with 10 Gy (dotted line)
shown. PE = phycoerythrin.
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Role of DR4 and DRS in irradiation induced sensitization
To investigate whether the synergistic effect of rhTRAIL and irradiation could be explained
by changes in TRAIL receptor surface expression, DR4 and DRS expression after 10 Gy
was measured with flow cytometry. Irradiation of HeLa cells enhanced DR4 and DRS
surface expression(Figure 4). To further analyze the function of DR4 in rhTRAIL-induced
apoptosis, we used siRNA against DR4. DR4 siRNA strongly reduced DR4 membrane
expression (Figure SA). Apoptosis was reduced after either rhTRAIL treatment or
irradiation in cells transfected with DR4 siRNA compared with control transfected cells
(Figure SB). Moreover, the combination of rhTRAIL and irradiation was almost twofold
less effective in DR4 siRNA-treated cells than in control cells. When we calculated the
absolute increase in apoptosis resulting from the combination of irradiation and rhTRAIL
compared with the sum of the two treatments, this amounted to 23% in the control cells
against 11% in the cells transfected with siRNA against DR4(Figure SB). DRS siRNA was
used to explore whether the upregulation of DRS was responsible for the sensitization
to the combination of rhTRAIL and irradiation-mediated apoptosis. DRS siRNA strongly
reduced DRS membrane expression (Figure SC). Compared with the oligofectamine
treated cells, DRS membrane expression in DRS siRNA-treated cells was extremely low.
This was the case for both irradiated and nonirradiated cells. The percentage of apoptotic
cells after 10 Gy and rhTRAIL was not influenced after transfecting the cells with siRNA
against DRS(Figure SD). We did not observe any effect of DR4 siRNA on DRS expression
or of DRS siRNA on DR4 expression(data not shown).
Our results have indicated that DR4 is responsible for the sensitizing effect of rhTRAIL
in combination with irradiation. On the basis of previous results, we could not, however,
exclude that irradiation sensitizes both DR4 and DRS apoptosis signaling, because
rhTRAIL showed a DR4 preference. To gain further insight into the TRAIL receptor
dependent sensitization by irradiation, we used fully human agonistic TRAIL-Rl(DR4)
and TRAIL-R2 (DRS) antibodies. In a survival assay, we found that the TRAIL-Rl
antibody reduced survival a maximum of 30%, and the TRAIL-R2 antibody reduced
survival a maximum of 10%(data not shown). The TRAIL-Rl antibody alone induced
51 % ± 17% SD apoptosis vs 83% ± 3% SD apoptosis combined with 10 Gy, and TRAIL-R2
antibody alone induced 23% ± 1% SD apoptosis vs 55% ± 12% SD combined with 10
Gy(Figure 6A). Thus, combining agonistic antibodies with irradiation resulted in more
apoptotic cells than the sum of the separate modalities for TRAIL-Rl antibody(83% ±
3% SD vs 73% ± 2% SD apoptosis; p < 0.01) and for TRAIL-R2 antibody(58% ± 9% SD vs

49% ± 9% SD apoptosis; p <0.01). This sensitizing effect of irradiation on TRAIL-Rl and
TRAIL-R2 antibody-induced apoptosis was also seen on Western blot, showing enhanced
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Chapter 6

cleavage of caspase-3 into its active form, and in a caspase-3 activity assay (Figure 6B,C).
Our results indicate that irradiation combined with TRAIL-Rl or TRAIL-R2 agonistic
antibodies enhances apoptosis. However, the TRAIL-Rl antibody seems to be more
active than the TRAIL-R2 antibody with respect to survival and inducing apoptosis in
HeLa cells.
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Figure 5. Role of death receptor (DR)4 and DRS in irradiation-induced sensitization. (A)
Flow cytometry analysis of DR4 membrane expression after irradiation in cells transfected
with small-interfering RNA (siRNA) against DR4 or oligofectamine-treated cells (control).
Mean fluorescence intensities (MFis) corrected for staining with nonspecific isotype control.
Data presented as mean ± standard deviation of three independent experiments. (B) Percentage
of apoptotic cells in oligofectamine-treated and DR4 siRNA-transfected cells subsequently
treated with recombinant human tumor necrosis factor-related apoptosis-inducing ligand
(rhTRAIL), 10 Gy irradiation, or the combination of both. (C) Flow cytometry analysis of
DRS membrane expression after irradiation in cells transfected with siRNA against DRS or
oligofectamine-treated cells (control). Mean fluorescence intensity corrected for staining with
nonspecific isotype control. Data presented as mean ± standard deviation of three independent
experiments. (D) Percentage of apoptotic cells in oligofectamine-treated and DRS siRNA
transfected cells subsequently treated with rhTRAIL, 10 Gy irradiation, or combination of
both. Data presented as mean ± standard deviation of three independent experiments.
-124 -

Death receptors and irradiation

A.
100

�
Ul

'ui

0

<

80
60
40
20
0
Control

B.

TRAIL-Rl Ab TRAIL-R2 Ab

� �
,-<

C.

< ..0<
&l &l
..0

d
d d ...'.J ...'.J
�
1::0 .bC:0
� E-<
� � � ..c:
u u �
1-1
E-< E-< E-< E-<
ii

01-1 0

0:::

i::::

..,. ......

■

I
I

I
==========:::
10 Gy

Caspase-3

I-

+ -

+

-

+

+

Control
lO Gy

► 19 kDa

Control TRAIL-Rl Ab TRAIL-R2 Ab

Figure 6. Role of agonistic tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)

antibodies (Abs). (A) Apoptosis after treatment with 10 Gy irradiation and 50 nM agonistic

TRAIL-Rl (death receptor [DR]4) or TRAIL-R2 (DRS) Abs. Acridine orange assay. Data
presented as mean ± standard deviation of three independent experiments. (B) Western blot
staining against active caspase-3, induction of p19 product after combination of TRAIL-RI
Ab (DR4), TRAIL-R2 antibody (DRS), or recombinant human TRAIL and 10 Gy irradiation.
(C) Caspase-3 activity assay with agonistic Abs. Data presented as mean of two experiments.

Irradiation-induced sensitization to rhTRAIL-induced apoptosis is not
depending on p53
Enhanced expression of pS3 might play a role in irradiation-induced cell death, and
pS3 is a transactivator of DR4 and DRS [19 and 21] . In the HPV-positive HeLa cells,
however, pS3 is supposed to be inactivated by HPV E6. However, after 10 Gy irradiation,
an induction in pS3 expression was observed (Figure 3b). Cells were transfected with
pS3 siRNA to investigate the role of pS3 in DR4 and DRS membrane expression and
rhTRAIL-induced apoptosis. Figure 7a shows that pS3 was successfully targeted and that
p21, which is a target of pS3 transcriptional activity, was less expressed as a result of p53
downregulation by p53 siRNA. Interfering with pS3 function resulted in less DRS (Figure
7B) membrane expression but no decrease in DR4 membrane expression (data not shown).
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After irradiation, however, an increase in DRS expression was still observed (Figure 7B),
although pS3 was not detectable, showing that upregulation of DRS membrane expression
is not exclusively dependent on pS3. Moreover, pS3 downregulation did not negatively
influence the percentage of apoptotic cells after irradiation (14% vs 12%), rhTRAIL (13%

vs 31 %), or the combination (SO% vs 49%) compared with the oligofectamine-treated
control cells (Figure 7C). Thus, induction of DRS expression is partially regulated through
irradiation-induced pS3 upregulation; however, the increase in pS3 expression is not the
mechanism through which irradiation sensitizes HeLa cells to rhTRAIL.
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Figure 7. Role of p53 in irradiation-induced sensitization to recombinant human tumor
necrosis factor-related apoptosis-inducing ligand (rhTRAIL)-induced apoptosis. (A) Western

blot showing downregulation of p53 and p21 after small-interfering RNA (siRNA) against p53.
(B) Flow cytometry analysis of death receptor (DR)S membrane expression after irradiation in
cells treated with oligofectamine or siRNA against p53. Mean fluorescence intensity corrected
for staining with nonspecific isotype control. Data presented as mean ± standard deviation
of three independent experiments. (C) Percentage of apoptotic cells in oligofectamine-treated
and p53 siRNA-transfected cells treated with rhTRAIL, 10 Gy, or combination of both. Data
presented as mean ± standard deviation of three independent experiments.
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Discussion
In this study, we have demonstrated that irradiation sensitizes the HPV18-positive HeLa
cervical cancer cells to rhTRAIL-mediated apoptosis. Part of this effect can be explained
by activation of the intrinsic apoptotic route, as demonstrated by cleavage of Bid and
caspase-9. Irradiation, 10 Gy, resulted in pS3 induction, as well as elevated DR4 and DRS
membrane expression. This DRS induction was partially pS3 dependent, as proved by the
pS3 siRNA experiments. Even though p53 induction was responsible for DRS expression,
this mechanism did not explain the synergistic effect between rhTRAIL and irradiation.
Even in cells transfected with siRNA against DRS, an additive effect on apoptosis still
occurred between rhTRAIL and irradiation. In contrast, DR4 siRNA largely diminished
the effect of this combination. Our results indicate that neither the restoration of pS3 nor
the increase in DRS expression was responsible for the irradiation-induced sensitization
to rhTRAIL; it is more likely an effect mediated through DR4 activation of the apoptotic
pathway.
This is the first report showing that in cervical cancer cells, irradiation potentiates
rhTRAIL-mediated apoptosis. We hypothesized that upregulation of DRS membrane
expression could be the mechanism for the enhancement of apoptosis after the
combination of rhTRAIL and irradiation. Similar to observations in breast, lung, and
leukemia cell lines, we found upregulation of both DR4 and DRS membrane expression
in HeLa cells after 10 Gy irradiation [12, 13 and 20]. Transcription activation of p53 can
cause DR upregulation by way of p53, because transactivation sites are present in the DR4
and DRS gene coding sequences. In HeLa, however, pS3 is targeted by the I-WV E6 gene
for degradation through the proteasome system, which reflects a frequent phenomenon
found in human cervical cancer. Our experiments illustrated that pS3 functionality in
HeLa can be restored after irradiation and that induction of DRS expression, but not the
induction of DR4 expression, by irradiation could be partially inhibited by siRNA against
pS3. However, downregulation of pS3 and, concomitantly, of DRS membrane expression
had no negative effect on the apoptosis induced by rhTRAIL combined with irradiation
in these cells. Hougardy et al. [25] described similar results for rhTRAIL combined with a
proteasome inhibitor in HeLa cells [25]. After proteasome inhibition, pS3 transcriptional
activation was restored, and pS3-dependent DRS upregulation was observed but did not
affect rhTRAIL-induced apoptosis [25]. It is also known that, depending on the cell type
and the stress mechanism involved, pS3 can act either as an inhibitor or enhancer of cell
death [26, 27 and 28]. From our results, it can be concluded that DRS expression is partially
- 1 27 -
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regulated by pS3 but pS3 did not affect apoptosis induction by rhTRAIL combined with
irradiation.
With siRNA against the DRs, we more carefully studied the role of DR4 and DRS in
rhTRAIL-induced apoptosis independently of pS3. Downregulation of DRS membrane
expression influenced neither the percentage of apoptosis after rhTRAIL nor the increase
in apoptosis after combining rhTRAIL and irradiation. In contrast, when we targeted
DR4 with siRNA, the synergy between rhTRAIL and irradiation was partially neutralized
with an 11% absolute increase in apoptosis after siRNA against DR4 compared with a
23% increase in apoptosis in the control population. Aza-Blanc et al. [29], using a forward
genomics approach in the HeLa cell line showed that DR4, in particular, and not DRS,
was responsible for TRAIL-induced apoptosis. Marini et al. [30] observed upregulation
of DRS expression after irradiation in four of the six solid tumor cell lines; however, this
did not correlate with sensitization to rhTRAIL. They concluded that DRS upregulation
could not be the only mechanism by which sensitization to rhTRAIL after irradiation
is induced. Taken together, these data indicate that the sensitization to rhTRAIL by
irradiation is predominantly induced by way of DR4 in HeLa cells. This is, to our
knowledge, the first report showing a preferential role for DR4 in apoptosis induction
due to irradiation combined with rhTRAIL. Moreover, we have demonstrated that the
DRS pathway can also be activated in these cells after irradiation, because not only the
agonistic TRAIL-Rl (DR4) antibody (HGS-ETRl, mapatumumab)-induced apoptosis,
but also the agonistic TRAIL-R2 (DRS) antibody (HGS-TR2J)-induced apoptosis was
potentiated through irradiation in HeLa cells. This suggests that rhTRAIL signaling by
way of DR4 and DRS differs from agonistic antibody-induced DR4 and DRS signaling, as
previously demonstrated [31]. Whether this is due to rhTRAIL, the interactions between
DR4 and DRS(signaling), or the involvement of the decoy receptors DcRl and DcR2 is
not known. The synergistic effect of an agonistic TRAIL-R2 antibody and irradiation in
cervical cancer cell lines and an animal model was also shown for the combination TRA-8
(anti-DRS antibody), an agonistic murine monoclonal antibody with the ability to induce
apoptosis, with irradiation and chemotherapy [32]. In the different cervical cancer cell
lines, TRA-8-mediated apoptosis, however, was independent of DRS surface expression
[32]. In noncervical tumor models targeting DR4 or DRS with receptor-specific agonistic
antibodies combined with irradiation showed increased efficacy [33 and 34]. Therefore,
targeting DR4 and DRS with rhTRAIL- or TRAIL receptor-specific agonistic antibodies
are potentially interesting to combine with irradiation.
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Reports with conflicting results have been published on the role of the mitochondrial
proteins Bax, Bak, and Bcl2 in irradiation-augmented rhTRAIL-induced apoptosis. In an
in vitro and in vivo prostate cancer model, irradiation-induced upregulation of Bak and
Bax was important for TRAIL-induced apoptosis [17]. Others have shown that in cells that
have lost Bax protein expression, reconstitution of Bax expression restored the synergy
on apoptosis between rhTRAIL and irradiation [18 and 35]. In contrast, Kim et al. [14]
showed no change in Bax and Bcl2 expression after irradiating leukemia cells. The role of
Bcl2 has been investigated in models in which Bcl2 has been brought to overexpression,
resulting in abrogation of apoptosis [11 and 35]. In those studies, artificially introducing
the expression of antiapoptotic proteins changed the sensitivity. In our experiments,
irradiation did not change the expression of the pro- and antiapoptotic mitochondrial
proteins Bax and Bcl2. In the HeLa cell line, which is Bax proficient, we saw no
change in expression after irradiation, making it less probable that it is the principal
factor in irradiation-mediated rhTRAIL-induced apoptosis. The cleavage of caspase-9
could be induced by the increase in Bak expression and, therefore, provides a possible
explanation for the activation of the intrinsic pathway. However, the role of the pro- and
antiapoptotic mitochondrial proteins is very complex, owing to the different interactions
and mechanisms that influence their activity, such as the interactions of E6/7 with the
different proteins; therefore, we could not exclude the possibility that they play a role in
resistance to rhTRAIL-induced apoptosis.

Conclusion
In the present study, we have shown that irradiation enhances the effect of rhTRAIL and
of the agonistic antibodies TRAIL-Rl(DR4) and TRAIL-R2(DRS) in HeLa cervical cancer
cells. For rhTRAIL, this enhancement was pS3 independent. Even though the mechanisms
regarding sensitization are complex, we have demonstrated that in the HeLa cell line,
irradiation-induced rhTRAIL sensitization is especially DR4 dependent. DR4 and DRS
agonistic antibodies, however, both potentiated irradiation-induced apoptosis, therefore,
the TRAIL DRs are interesting targets in the treatment of cervical cancer.
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Abstract
Purpose: Preclinical data indicate a synergistic effect on apoptosis between irradiation

and recombinant human(rh) TNF related apoptosis inducing ligand(TRAIL), presenting
the TRAIL death receptors (DR) as interesting drug targets. Aim of our study was to
analyze the expression of DR4, DRS and TRAIL in cervical cancer and to determine their
predictive and prognostic value.
Methods and Materials: Tissue micro-arrays were constructed from tumors of 645 cervical

cancer patients treated with surgery and/or(chemo-) radiation between 1980 and 2004.
DR4, DRS and TRAIL expression in the tumor was studied by immunohistochemistry
and correlated to clinicopathological variables, response to radiotherapy and disease
specific survival.
Results: Cytoplasmatic DR4, DRS and TRAIL immunostaining was observed in cervical

tumors from respectively 99, 88 and 81% of the patients. In patients treated primarily with
radiotherapy, TRAIL positive tumors less frequently obtained a pathological complete
response than TRAIL negative tumors(66.3% vs 79.0 %; in multivariate analysis: odds

ratio(OR): 2.09, p < 0.05). Neither DR4, DRS or TRAIL expression were prognostic for
disease specific survival.
Conclusions: Immunostaining for DR4, DRS and TRAIL is frequently observed in the

cytoplasm of tumor cells in cervical cancer patients. Absence of TRAIL expression was
associated with a higher pathological complete response rate to radiotherapy. DR4, DRS
or TRAIL were not prognostic for disease specific survival.
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Introduction
Cervical cancer is a major health problem especially in the non-industrialized countries.
Although prevention and early detection are the most important factors in the fight
against cervical cancer, improvement of current treatment is still needed. The choice
of treatment depends on the stage of the tumor. For the smaller tumors confined to
the cervix(stage IA2 and IB1) the treatment of choice is surgery or radiotherapy with
excellent 5 years survival rates(85-95%) [1]. Treatment of locally advanced cervical
cancer (stage IB2-IVA) consists of radiotherapy in combination with cisplatin-based
chemotherapy. Despite improvement in survival of cervical cancer patients treated with
chemoradiation the 5-year overall survival is still around 52%, and treatment may be
accompanied by substantial morbidity [2 and 3]. Further improvement in survival by
intensification of the standard treatment is limited by intrinsic and acquired tumor
resistance to radiotherapy and/or chemotherapy and might increase short-term and
long-term side-effects. Therefore, new alternatives are needed that can improve the
anti-tumor effect with acceptable or no increase of toxic side effects. Tumor resistance to
(chemo-) radiation is commonly caused by a loss of the ability of tumor cells to go into
apoptosis. Modulation of specific molecular pathways leading to increased cell death
might potentially widen the therapeutic window [4]. The extrinsic apoptotic pathway is
initiated by activation of death receptors(DRs) expressed on the cell membrane. Several
human DRs have been identified that belong to the tumor-necrosis-factor-receptor super
family [5 and 6]. Apoptosis is triggered by the binding of specific tumor-necrosis-factor
super family ligands, such as tumor-necrosis-factor-related apoptosis-inducing ligand
(TRAIL), to their cognate receptors DR4 and DRS, respectively. DR activation results in the
formation of an intracellular death-inducing signaling complex composed of trimerized
receptor molecules, recruited FAS-associated death domain molecules, and procaspase 8
molecules [5 and 6]. After assembly of the death inducing signaling complex, a caspase-8
initiated intracellular apoptotic cascade is activated, leading to cleavage of several
substrates in the cytoplasm and nucleus and completion of the apoptotic program [5 and
6]. Preclinical work from our own group indicates that the combination of targeting the
TRAIL pathway by exposure to agonistic DR4 and DRS antibodies or recombinant human
(rh)TRAIL and irradiation works synergistically in cervical cancer cells [7]. Moreover in
early clinical trials, these drugs can be safely administered also when combined with
chemotherapy [8 and 9]. We previously reported, in a small series (25 patients), that
cervical tumors frequently stain positive for DR4, DRS and TRAIL [10]. However their
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role in relation to clinical outcome in cervical cancer is still unknown. Previous work
by our group showed that DR4, DRS and TRAIL staining in normal cervical tissue was
associated with undifferentiated cells in the basal and parabasal layer while in cervical
cancer the staining was more homogeneous [10]. TRAIL expression has been found in
a wide range of normal tissues but is able to induce apoptosis only in transformed and
malignant cells [11 and 12]. Therefore we concentrated in this study on tumor specimens.
For the present study we analyzed, the presence of DR4, DRS and TRAIL in tumors
of a large cohort of cervical cancer patients with stage IA2-IVA disease treated with
surgery and or (chemo-) radiation. We combined classical clinical histopathological
characteristics and immunostaining for TRAIL and its pro-apoptotic receptors to identify
possible relations to each other and to treatment outcome. We also investigated DR4,
DRS and TRAIL expression in relation to response for patients treated with radiotherapy
with or without chemotherapy.

Materials and Methods
Patients
Clinicopathological characteristics of all cervical cancer patients referred to the
Department of Gynecological Oncology of the University Medical Center Groningen are
prospectively stored in a database since 1980. All staging and surgical procedures were
performed at the University Medical Center Groningen. For the present cohort study all
patients diagnosed with non metastatic invasive cervical cancer that were treated between
January 1980 and December 2004 were identified. Eligibility was based on diagnosis of
invasive cervical cancer stage IA2-IVA treated with a Wertheim Meigs operation or with
radiotherapy plus or minus chemotherapy. We considered surgery as primary treatment
in those patients in which a Wertheim Meigs operation was performed whether or not
this was followed by radiation or chemoradiation. Primary radiotherapy was defined as
radiotherapy or chemoradiation as first treatment modality despite an additive surgical
procedure. The clinicopathological and follow-up data were obtained during standard
treatment and follow-up of the patients. For the present study, all relevant data were
retrieved from our database into a separate anonymous database. The identity of the
patients was protected by study-specific, patient codes. In case of uncertainties with
respect to clinicopathological and follow-up data, the larger database could only be
checked through the department's data managers. Follow-up data was collected up till
November 2007.
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Staging and treatment
Bimanual examination under general anesthesia was performed for clinical staging, in
accordance with the FIGO guidelines. Patients were treated according to the time period
prevailing protocol, mainly based on FIGO staging. In general this implicates a Wertheim
Meigs operation for stage IB/IIA cervical cancer patients followed by external beam
radiotherapy(EBRT) up to 45 Gray(Gy) in case of lymph node metastases, parametrial
invasion or positive resection margins. For the higher stage patients primary treatment
was either radiation(EBRT up to 45 Gy and low dose rate brachytherapy, two applications
of 17.5 Gy) or chemoradiation.
EBRT was delivered by a linear accelerator. A box technique was used comprising
an anterior, posterior and two lateral fields. The superior field border was the upper
border of the fourth lumbar vertebra; the lowest field border was the lower margin of the
obturator foramen(or, in stage IIIA, the distal vagina). The lateral margin of the anterior/
posterior field was 2 cm lateral from the transverse diameter of the pelvic brim. The
ventral border of the lateral fields is the upper margin of the symphysis and the dorsal
margin the front of the os coccyx. All fields were given daily, five days a week. The dose
was 1.8 Gy given to the center and planned on a contour outline of the patient. Low dose
rate(137Cesium) brachytherapy was applied with a standard applicator with a dose of
17.5 Gy to point A(reference location 2 cm lateral and 2 cm superior to the cervical os).
If brachytherapy was impossible or inappropriate in case of tumor extension into the
parametria or lymph nodes, patients received an additional external boost of 25.2 Gy to
a total dose of 70.2 Gy.
Concurrent chemotherapy before 1999 consisted of three, 4-weekly cycles of
carboplatin 300 mg/m2 day 1 and fluorouracil(5-FU) 600 mg/m2 days 2-5 intravenously
(iv). After 1999, chemotherapy consisted of cisplatin 40 mg/m2 iv once weekly for 6 weeks
concomitant with external pelvic and intracavitary radiation.
In the period up to 1993 following irradiation all patients, if technically operable and
in the absence of extra uterine disease, underwent an additive hysterectomy whereas in
the period thereafter only comparable patients with residual tumor identified by routine
biopsy 6 to 10 weeks after completion of irradiation were operated.

Pathological response evaluation after primary radiotherapy
Pathological response to primary radiotherapy, in the time period prior to 1994, was
evaluated in the hysterectomy material and in the period thereafter through biopsy 6 to
10 weeks after completion of irradiation. Pathological complete response was defined
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as absence of tumor cells in post irradiation tissue. Chemotherapy was included in the
response analysis as an independent factor.

TMA
From the patients meeting the inclusion criteria we collected the paraffin embedded
tumor material and the Hematoxylin-eosin(H&E) stained slides obtained at diagnostic
procedure or the specimens from patients at primary surgery. On the H&E- stained slides
representative tumor areas were marked avoiding areas of necrosis or severe leukocyte
infiltration. From the corresponding paraffin blocks three cores of 0.6 mm in diameter
were taken and placed in pre-defined array locations in a recipient blank paraffin block,
using a precision instrument(Beecher Instruments, Silver Spring, MD). In total, 11 arrays
were constructed, each containing three cores per tumor. Each array also contained
internal control tissue such as normal cervix, skin epithelium, colon polyps, breast
cancer, colon cancer, ovarian cancer as well as several cervical cancer specimens.
Immunohistochemistry
Staining procedures for DR4, DRS and TRAIL were performed as described previously
[10 and 13] . Briefly, sections (4 mm) were deparaffinized in xylene and endogenous
peroxidase was blocked by incubation in 0.3% hydrogen peroxide for 30 min. Only
DRS needed antigen retrieval by 15 min microwave treatment in 10 mM citric acid, pH
6.0 at 95 to 100 °C. All primary antibodies were diluted in phosphate buffered saline
(PBS) containing 1% bovine serum albumin(BSA) and 1% AB serum and added to the
deparaffinized tumor material for 1 h at room temperature. Primary antibodies and
dilutions were for DR4 goat anti-DR4 polyclonal antibody (1: 50, clone C-20, Santa
Cruz Biotechnology, Santa Cruz, CA), for DRS rabbit anti-DRS polyclonal antibody
(1:100, Oncogene Research, Cambridge, MA) and for TRAIL goat anti-TRAIL polyclonal
antibody(1:25, clone K18, Santa Cruz Biotechnology). 3,3' -Diaminobenzidine(DAB) was
used as chromogen and the slides were counterstained in hematoxylin. For the negative
controls, the primary antibody was replaced by normal goat IgG(DR4, and TRAIL) or
normal rabbit IgG(DRS).
Analysis of immunohistochemical staining
For DR4, DRS and TRAIL staining, intensity was semiquantitatively scored: no staining
(0), weakly positive (1), positive (2), or intense (3). For statistical analysis all cases
were initially studied separately and then dichotomized. Samples with scores O and
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1 were regarded as negative and samples with score 2 and 3 as positive. Because of
the relatively high amount of patients with no staining for TRAIL we also divided the
group in negative(0) and positive [1-3). When referring to this classification this will
be clearly stated in the results. Also the cellular localization(nuclear, membranous, or
cytoplasmatic) and patterns of staining(homogenous or heterogeneous) were recorded.
Two independent observers(KH and JM) scored the TMAs and a concordance of more
than 95% was found. The discordant cases were reviewed and scores were reassigned on
consensus of opinion. Patients were only included in the analysis in case of minimally
two representative tissue cores on the TMA.
Statistical analysis
Statistical analysis was performed with SPSS 14.0 for Windows(SPSS Inc., Chicago, IL).
A p-value of s 0.05 was considered statistically significant. The population was analyzed
as a whole and the group treated primarily with radiotherapy was analyzed separately.
Associations between positive protein expression(DR4, DRS and TRAIL, respectively)
(as dependent factor) and clinicopathological characteristics(age, stage, histology, tumor
differentiation, lymphovascular invasion and tumor volume)(as independent factors)
were calculated using logistic regression analyses. For the clinicopathologic analysis the
following covariates were used: age(continuous variable), FIGO stage(< IIB versus � IIB),
histology (adenocarcinoma versus squamous cell carcinoma), tumor differentiation
(poor versus good and moderate), lymphovascular invasion(present versus absent) and
tumor volume(� 4 cm versus < 4 cm). Variables significant (p S 0.1) in univariate analysis
were included in multivariate analysis in a stepwise manner. To determine factors
predicting for response to radiotherapy, presence of pathological complete response to
radiotherapy(as dependent factor) was evaluated in relation to clinicopathologic factors,
protein staining and the use of chemotherapy (as independent factors) with logistic
regression analysis. Disease-specific survival was defined as time period from date of
diagnosis up to time point of death due to cervical cancer or last documented contact
being alive. Disease specific survival was calculated for the whole population as well as
for all patients in the primary radiotherapy sub-group. Differences in disease-specific
survival according to clinicopathologic characteristics and to expression of DR4, DRS
and TRAIL were analyzed using the Cox regression analysis. Variables with a

p-value

s 0.1 in the univariate analyses were included in the multivariate analyses. Elimination
of variables in a stepwise manner identified the statistically significant predictors on
disease specific survival by using a multivariate analysis.
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Results
Patient's characteristics
In total we identified 765 patients of which in 645 cases sufficient tumor material was
available to construct the TMA.
Clinicopathological data of the 645 patients with sufficient tumor material is
summarized in Table 1. The median follow up time was 55.7 months and the median
age at diagnosis 51.3 years. Primary treatment consisted of surgery in 313 patients(49%)
and radiotherapy in 332 patients(51%). The baseline characteristics of the 120 patients
of whom tumor material was missing, differed from the study population regarding
treatment modality primary radiotherapy (p < 0.001) and FIGO staging (higher stage)
(p < 0.001). This imbalance is accounted by the fact that there was more tissue available
from operated patients with lower tumor stage than from patients with only a biopsy
taken before start of radiotherapy.
Table 1. Patient characteristics
Variables n = 645

Median
Range
Follow up (in months)
Median
Range
FIGO stage
IA2
IB1
IB2
IlA
IIB
IBA
IIIB
IVA

332 (51)

Total n (<Yo)
645 (100)

43.0
(17.5-86.2)

54.1
(20.6-92.0)

47.7
(17.5-92.0)

64.9
3.7-223.2

45.9
1.54-219.7

55.7
1.54-223.2

1 (0)
198 (63)
63(20)
50 (16)

0 (0)
38 (11)
19 (6)
46 (14)
161 (48)
7 (2)
47 (14)
14 (4)

1 (0)
236 (37)
82 (13)
96 (15)
162 (25)
7 (1)
47 (7)
14 (2)

282 (85)
4 6 (14)
4 (1)

502 (78)
131 (20)
12 (2)

surgeey n (%)
________
313 (49)

Patients
Age at diagnosis (in years)

1 (0)

0

0
0

Histology
Squamous
220 (70)
85 (27)
Adenocarcinoma
Other
8 (3)
Treatment
Post operative radiotherapy
Post operative radio-chemotherapy 106 (34)
18 (6)
Chemotherapy
Abbreviations: chemo = chemotherapy, RT = radiotherapy.
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DRS

Figure 1. Immunohistochemical staining for DR4, DRS and TRAIL in a tissue micro-array
with tumors from cervical cancer patients. Representative examples for negative (upper
panel) versus positive (lower panel) staining. A: lOOx magnification, B: 400x magnification.
DR = death receptor, TRAIL = tumor necrosis factor related apoptosis inducing ligand.

Immunohistochemical staining for DR4, DRS and TRAIL
The results of the immunostainings are shown in Table 2. The number of patients with
less than 2 representative tissue cores was 5.3% for DR4, 5.1 % for DRS and 4.7% for
TRAIL. All three protein stainings were cytoplasmatic with no apparent membranous
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staining(Figure 1). DR4 and DRS were at least weak positive in 87.9 and 98.9% of the
cases; for TRAIL this was found in 79.8% of the cases. The expression of all the three
proteins correlated with each other apart from TRAIL(negative(score 0) versus positive
(score 1-3)) and DRS(negative(score 0-1) versus positive(score 1-3)).
Table 2. Staining distribution

�

,,

Jll

D-a4 (o/ttl

l!')l,i (Wo).

TRAJJt (%)

124 (19)

74 (11)

7 (1)

Weak positive

166 (26)

158 (25)

223 (34)

Positive

358 (56)

439 (68)

264 (41)
30 (5)

Negative

Strong positive

13 (2)

8 (1 )

Missing cores

34 (5)

33 (5)

Total

645

645

4 (1 )

645

Abbreviations: DR = death receptor, TRAIL = tumor necrosis factor related apoptosis inducing ligand.

DR4, DRS and TRAIL protein staining in relation to clinicopathologic
characteristics
Table 3 shows the odds ratio (OR)s for the different immunostaining parameters in
relation to known clinicopathologic characteristics in a uni- and multivariate logistic
regression analysis. DR4 positive staining was associated with low tumor stage(< IIB)
and presence of adenocarcinoma. DRS positive staining was related to high tumor stage
(2: IIB) and to the presence of adenocarcinoma. No association was found between TRAIL
expression and clinicopathologic characteristics.
Pathologic complete response to radiotherapy in relation to DR4, DRS and
TRAIL protein staining
To relate expression of DR4, DRS and TRAIL and clinicopathologic characteristics to
pathologic complete response to radiotherapy a uni- and multivariate logistic regression
analysis was performed on 243 patients in whom either a routine hysterectomy was
performed(until 1996) or in whom routine post treatment biopsies were taken(after 1996)
(Table 4). The patient group eligible for post treatment response evaluation was younger
(median 50.4 years) than the group with no post treatment evaluation(median 67.8 years)
(p < 0.001). For all other clinicopathologic characteristics there was no difference between
the patients with or without post treatment evaluation, suggesting patients operability
as most important reason for not performing a post treatment biopsy. Patients not fit
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for additive surgery were not evaluated with a post treatment biopsy. In multivariate
analysis the absence of a pathological complete response in this group of 243 patients
was related to positive staining for TRAIL(score 1-3), presence of adenocarcinoma and
patients with FIGO stage � IIB, ORs were respectively 2.09, 2.22 and 2.03 all p-values
� 0.05. Pathologic complete response rates were 66.3% versus 79% for TRAIL positive
versus negative tumors, 54.3% versus 73% for adenocarcinomas versus squamous
cell carcinomas and 66.3% versus 77.5% for FIGO stage � IIB versus FIGO stage < IIB.
Pathologic complete response to radiotherapy was not related to the concomitant use of
chemotherapy. Results are shown in Table 4.
Table 3. Association between DR4 (a), DRS (b) and TRAIL (c) staining in relation to
clinicopathologic characteristics. Staining for DR4, DRS and TRAIL with scores O and 1 were
regarded to be negative and samples with score 2 and 3 were regarded to be positive for DR4,
DRS and TRAIL.
A. n • 64S

Univuide
OR

,s 0

OR

'95% CI

Age

0.98

0.97-0.99"

0.99

Stage ([IB or higher)

0.52

0.37-0.73"

0.60

Histology (adenocarcinoma)

2.76

1.74-4.39*

0.98-1.00+
0.41-0.84+

2.48

1.55-3.9r

Differentiation (poor)

0.76

0.4�-1.29

cr

Lymphovascular invasion (present)

1.34

0.93-1.92

Tumor volume �4 cm)

0.59

0.42-0.82"

B. n • 645

Vnivarlate

Multivariate

Multivariate

Olt

95 % 0

Age

1.01

1.00-1.02"

Stage (JIB or higher)

3.23

Histology (adenocarcinoma)

OR

95 o el

2.09-4.97"

3.6il.

2.16-6.02+

1.73

1.05-2.84"

1.90

1.13-3.18+

Differentiation (poor)

0.922

0.64-1.34

Lymphovascular invasion (present)

0.51

0.35-0.75*

0.68

0.45-1.02

Tumor volume (�4 Gm)

1 .43

0.99-!l.43"

- 143 -

Chapter 7

c. n -�

&i,vui.tte

OR

95 o/0c O

Age

1.00

0.99-1.01

Stage (;;,IB)

1.25

0.90-1.74

Histology (adenocarcinoma)

0.91

0.61-1.36

Differentiation (poor)

0.84

0.60-1.18

Lymphovascular invasion

0.96

0.68-1.35

Tumor -volume (2!4 cm)

1.05

0.76-1.46

Matllivariate
OR

'f� D

Abbreviations: OR = Odds Ratio, CI = confidence interval. In bold factors with a significant OR. *= p-value � 0.1 and
t = p-value � 0.05

Disease specific survival in relation to DR4, DRS and TRAIL expression
In univariate Cox regression analysis DRS positive staining was associated with a
worse disease specific survival. In multivariate analysis for the whole group; age, high
tumor stage and tumor volume 2: 4 cm correlated with a worse outcome. None of the
immunostaining parameters(DR4, DRS or TRAIL) correlated with disease outcome in
multivariate analysis. The hazard rate(HR)s and confidence interval(CI)s are reported
in table SA. In the analyses of the primarily operated patients the presence of positive
pelvic lymph nodes(HR 4.99, CI 2.84-8.76) and tumor volume(HR 1.83, CI 1.07-3.13)
were highly significant unfavorable prognostic factors.
Table 4. Response to radiotherapy or chemoradiation. Correlation between absence of

complete response and clinicopathologic factors.
� - 2'11$

1

.Multiv.u!iate

l]ni�al!iate

OR

95 % 0

0.99

95 % 0

OR

Age
Tumor stage (�IIB)

1 .75

0.95-3.25*

2.03

1 .06-3.89t

2.22

1.05-4.70+

2.09

1.0l-4.33t

0.97-1.01

Chemotherapy (yes)

0.77

0.44-1.34

Tumor histology (adenocarcinoma)

2.28

1.10-4.75*

Tumor differentiation (poor)

0.69

0.29-1.18

Tumor lymphovascular invasion

1 .06

0.49-2.26

Tumor volume (�4 cm)

1.44

0.75-2.78

Tumor DR4 expression (positive)

1.13

0.65-1.98

Tumor DRS expression (positive)

1.78

0.73-4.30

Tumor TRAIL expression (positive)

1.13

0.65-1.97

Tumor TRAIL expressiontt (positive)

1.91

0.94-3.87

,.

Abbreviations: OR = Odds Ratio, CI = confidence interval. In bold factors with a significant OR. • = p-value � 0.1,
t= p-value :,s 0.05 and tt Score O (negative) versus 1-3 (positive).
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In the primary radiotherapy group(n = 332) a worse disease specific survival was
related to high tumor stage(HR = 1 .82, CI 1.14-2.89), larger tumor volume(HR = 1 .66,
CI 1.05-2.62) and persisting tumor after treatment(HR = 4.50, CI 3.17-6.38). Although
no effect on pathologic complete response chemotherapy contributed to a better disease
specific survival(HR = 0.62, CI 0.43-0.87) in multivariate analysis(Table SB).
Table 5. Disease specific survival. A: whole population B: primary radiotherapy group
A. :n • "5-

l1ilivariate

a

MiUl.fkrmat'e

HR.

95

1.02

1.01-1.02·

1.01

1.00-1.rnzt

Tumor stage �IIB)

3.20

2.41-4.25..

2.30

1.65-3.20t

Tumor histology (adenocarcinoma)

1.13

0.80-1.59

2.01

1.41-2.86t

Age

Tumor differentiation (poor)

1.26

0.94-1.67

Tumor lymphovascular invasion

0.96

0.70-1 .31

Tumor volume (:::..4 cm)

3.01

2.20-4.12*

Tumor DR4 expression (positive)

0.93

0.69-1.23

Tumor DRS expression (positive)

1.69

1.18-2.41*

Tumor TRAIL expression (positive)

1.11

0.83-1.47

Tumor TRAIL expression++ (positive)

0.98

0.69-1.38

B. n :::1: 332

Vni.variate
HR

95

Age

1.00

0.99-1.01

Tumor stage �IIB)

2.46

1.60-3.79.

Tumor histology ( adenocarcinoma)

1.43

0.93-2.20

Tumor differentiation (poor)

1.21

0.70-2.08

KR

95

Cl

Multivariate
°

CJ

Tumor lymphovascular invasion

1.14

0.73-1.78

Tumor volume (� cm)

2.16

1.40-3.34..

Tumor DR4 expression (positive)

1.13

0.81-1.57

Tumor DRS expression (positive)

1.21

0.75-1.94

Tumor TRAIL expression (positive)

0.99

0.71-1.38

HR

95 % Cl

1.82

1.14-2.89t

1.66

1.05-2.62t

Tumor TRAIL expressiontt (positive)

1.15

0.77-1.71

Residual tumor (yes)

5.05

3.62-7.04..

4.50

3.17-6.38t

01emotherapy (yes)

0.70

0.50-0.9�

0.62

o.43-o.sr

Abbreviations: HR = Hazard Rate, CI = confidence interval. In bold factors with a significant HR rate.

• = p-value < 0.1, t = p-value < 0.05 and tt Score 0 (negative) versus 1-3 (positive).
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Discussion
Our present study shows that DR4, DRS and TRAIL were cytoplasmatically expressed
in most stage IA2-IVA cervical tumors. Patients with a TRAIL positive tumor had an
absolute 12.6% lower chance to obtain a complete pathologic response after radiotherapy.
Absence of a complete pathologic response to radiotherapy was also related to presence
of adenocarcinoma and higher FIGO stage. In multivariate analysis DR4, DRS and TRAIL
immunostaining were not associated with disease specific survival.
In the population studied we found that classic clinicopathologic characteristics such
as tumor stage(� IIB) and tumor size(� 4 cm) were the most important parameters affecting
prognosis. Lymph node involvement was not taken into account in the analysis of the
whole population because in most of the primarily irradiated patients the presence of
lymph node involvement is not known. In the analyses of the primarily operated patients
positive lymph nodes was associated with an unfavorable prognosis. These findings
indicate the presence of a representative study population , while the distribution of
patient characteristics(Table 1 .) also mimics normal distribution in comparable cervical
cancer populations from the Western world.
In our study cytoplasmatic DR4, DRS and TRAIL immunostaining were frequently
observed as was also the case in two much smaller studies not addressing the relation
with disease specific survival [10 and 14]. The biologic meaning of cytoplasmatic DR4,
DRS and TRAIL, while for their activity they should be present at the cell membrane, is
not known. Moreover cytoplasmatic DR4 and DRS do not exclude the presence of the DRs
on the cell surface. Studies in ovarian, colon and lung cancers have also demonstrated
cytoplasmatic staining for DR4, DRS and TRAIL [15, 16 and 17]. DR4, DRS and TRAIL
expression has been associated, in various tumors, with different clinical outcome. In
patients with stage III colon cancer treated with surgery and adjuvant chemotherapy
high cytoplasmatic DR4 expression at diagnosis was related to worse disease specific
and overall survival [17]. In a large cohort of breast cancer patients(n = 655) [18] and in
95 non small cell lung cancer patients [16] high DRS expression was associated with a
worse survival. In ovarian cancer high TRAIL expression measured by real time PCR was
related to a better overall survival [19]. In melanoma patients DR4 and DRS expression
were not associated with clinical outcome [20]. The diversity in the prognostic value of
the DRs and TRAIL in various tumor types may be related to the various tumor types
tested and the differences in treatment to which the patients were exposed. The lack of
prognostic significance as observed in our study does not exclude functionality of the
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DRs. Based on pre-clinical data it is likely that following chemo- and/or radiotherapy
the DRs are up-regulated at the cell membrane. More specifically, in our pre-clinical
cervical cancer model we showed, by flow cytometry, an up regulation of DR4 and
DRS membrane expression after irradiation [7]. It might well be that during irradiation
cytoplasmatic DR4 and DRS are transferred to the membrane surface thereby presenting
them as potential targets for DR4/5 targeted drugs.
Historically response rate to radiotherapy in cervical cancer has been measured
in different ways, such as clinical examination, or by post irradiation biopsies or
hysterectomies, jeopardizing meaningful comparison of response rates between studies.
The uniqueness of our present study lies in the fact that it analyzes response evaluation
to radiotherapy in relation to DR4, DRS, TRAIL and classic clinicopathologic parameters.
Pathologic complete response as assessed in our study gives the earliest insight in the
biology of tumor in relation to irradiation. The importance of pathologic response
measurement as a predictive marker for prognosis after irradiation for cervical cancer
has been well established and was reviewed by Trott [21]. A study in 556 cervical cancer
patients showed that clinical measurement of response divided in no gross residual
tumor and gross residual tumor also correlated well with clinical outcome [22]. In our
population the pathologic complete response rate was 70%. The cervical cancer patients
with tumors expressing TRAIL (75.7%) experienced less often a pathological complete
response 66.3% vs 78.9% in those expressing no TRAIL (OR in a multivariate analysis
2.09, p-value :5 0.05). TRAIL expression, however did not correlate with disease specific
survival, which in part may be caused by the fact that a proportion of patients with
residual tumor after radiotherapy were salvaged by surgery, which is in our institution
the standard of care for patients with resectable residual disease [23].
Notmuch is known about differences in radioresponsiveness between adenocarcinoma
and squamous cell carcinoma in cervical cancer patients. In our study, patients with
adenocarcinomas compared to squamous cell carcinomas obtained less frequently a
pathologic complete response to irradiation, which has also been observed in a smaller
FIGO stage IB population [24]. Despite the use of a different irradiation technique than
ours, Rouzier et al. also showed a near significant difference (p-value 0.07) in complete
pathologic response to radiotherapy between squamous cell carcinomas (62%) and
adenocarcinomas (38%) [25]. It has been shown, measured by MIB-1 and PClO antigens
in cervical cancer paraffin sections, that cervical adenocarcinomas have no change, while
squamous cell carcinomas have a transient increase in cycling cell population after 9 Gy
of irradiation [26]. The lower growth fraction in adenocarcinomas may be one reason
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for the radiation resistance of these tumors. This advantage in radioresponsiveness
for squamous cell carcinomas did not translate in better disease specific survival. As
mentioned before patients with residual disease after (chemo-) radiation may be
salvaged by surgery. Nijhuis et al. previously showed in a similar population that 38%
of the patients not having complete response after radiotherapy still achieve long-term
complete remission after salvage surgery [23].
We observed that high DR4 and DRS expression have an opposite correlation with
FICO stage. This finding suggests that depending on tumor stage the DR route might
be targeted differently. Both high DR4 and DRS cytoplasmatic expression correlated
positively with adenocarcinoma histology. The implication of this finding is not clear
and needs to be elucidated.
Preclinical data indicated that the cytotoxic effect of radiotherapy is enhanced by
rhTRAIL or its agonistic antibodies [27 and 7]. Irradiation induced both DR4 and DRS
membrane expression while the enhancement of the cytotoxic effect was especially but not
exclusively DR4 mediated [7]. Moreover, in early clinical trials, rhTRAIL and its agonistic
antibodies have been safely administered , even combined with chemotherapy [9, 28 and
29]. Based on the finding of our preclinical data [7] targeting DR4 in combination with
(chemo-) radiation appears to be the most tentative treatment option for a clinical trial.
The significance of DR4, DRS and TRAIL expression as predictive factor for response
should be prospectively investigated in a TRAIL route intervention study. In cervical
cancer patients, in contrast to most other tumor types it is relatively easily to perform
serial biopsies during and after treatment allowing investigation of possible changes in
expression of DR4, DRS and TRAIL.
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Summary
Cervical cancer is a life threatening disease occurring world-wide, but affecting
especially women in developing countries. Standard treatment for cervical cancer varies
per FIGO stage and patient related factors. In general patients with non bulky(< 4 cm)
FIGO stage IB and IIA are treated with a radical hysterectomy and pelvic lymph node
dissection. In case of prognostic unfavorable factors surgery is followed by irradiation
or chemoradiation. In patients with cervical cancer FIGO stage > IIA or bulky disease
(locally advanced) radiation combined with chemotherapy is standard of care since
1999. The addition of chemotherapy to radiotherapy(with or without surgery) improves
overall survival by 12% in patients with cervical cancer FIGO stage lB-IVA disease. This
improvement is reached by the combination of two treatment modalities which each
their own side effects. Therefore extra attention needs to be paid to short-term and long
term side effects. This is of even more relevance as happily the percentage of patients
who become long term survivors' increases, which exposes more survivors longer at
long-term treatment related morbidity.
In addition there is still ample space for further improvement of treatment results for
these patients, preferable with fewer side effects. We therefore explored in preclinical
models the role of the tumor necrosis factor (TNF) related apoptosis inducing ligand
(TRAIL) pathway for its capacity to potentiate the effect of standard treatment in cervical
cancer.
The aim of this thesis is to assess treatment related toxicity in cervical cancer patients
and to explore in preclinical studies the potential of targeting the TRAIL pathway to
improve antitumor effect of radiotherapy in cervical cancer.
The literature review in chapter 2 summarizes the acute and long-term toxicity of
radiotherapy given with or without chemotherapy for cervical cancer. Up to 61% of the
patients experience any form of acute toxicity (all grades) to the rectosigmoid, while
for urological, skin and gynecologic toxicity this was the case in respectively 27%, 27%
and 20%. Moderate and severe gastrointestinal morbidity is observed in 5-7% and
genitourinary toxicity in 1-4% of the patients. Adding chemotherapy to radiotherapy
results in acute hematologic toxicity in 5-37%, while 12-14% of the patients experience
nausea and vomiting. The latter two are rarely seen with radiotherapy alone. Various late
toxicities of radiotherapy may occur such as gastrointestinal, urologic, fertility, skeletal,
vascular and induction of secondary malignancies and, more in general, influence
on quality of life. At least up till 20 years after treatment side effects can develop.
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Gastrointestinal toxicity usually occurs in the first 2 years after treatment in about 10% of
the patients. The incidence of moderate and severe urological toxicity can increase up to
10% and rises over time. Gynecologic toxicity(such as dyspareunia, vaginal shortening
and vaginal fistulae) occurs mostly shortly after treatment while skeletal and vascular
toxicity can occur years to decades later. Thus far, no increase of late toxicity has been
observed after the addition of chemotherapy to radiotherapy as standard treatment in
locally advanced disease. However, most randomized studies comparing radiotherapy
to chemoradiation have still limited follow-up and therefore no mature data on long
term side effects are available. Finally, methods to prevent or decrease late toxicity
and therapeutic options are discussed. In chapter 2a we express our concerns with the
translation of study results regarding chemoradiation for cervical cancer into day to day
clinical practice. We emphasize the toxicity we encountered with the scheme in which
cisplatin and 5-fluorouracil were combined and indicate the under representation of
older patients in the randomized clinical trials comparing radiotherapy plus or minus
chemotherapy compared to the population based age distribution.
With the improvement in survival rates of cervical cancer patients treated with
chemoradiation more long-term survivors are at risk for late treatment related morbidity.
As both radiotherapy and platinum based chemotherapy have been proven to cause
cardiovascular toxicity we investigated in Chapter 3 the risk of cardiovascular events in
patients with cervical cancer treated with radiotherapy or chemoradiation. The incidence
of cardiovascular events in patients treated between 1989 and 2002 by radiotherapy
or chemoradiation was compared with a Dutch reference population. Standardized
incidence ratios(SIRs) with follow-up starting at the end of treatment were calculated for
myocardial infarction, angina pectoris, congestive heart failure, cerebrovascular accident
separately and for any cardiovascular event combined. Effects of treatment modality
and risk factors on cardiovascular events were quantified in multivariate proportional
hazard regression analyses. In 277 patients with a median follow-up of 4.5 years(range
0.1 to 17 years) and a median survival of 9.2 years, 27 cardiac events occurred. The
radiotherapy group(n = 132) was older and had more cardiovascular risk factors than the
chemoradiation group(n = 145). The 5, 10 and 15 year actuarial incidence of any cardiac
event were respectively 9, 14 and 16%. For the whole population the SIR for myocardial
infarction was elevated(2.05, 95% CI: 1.12-3.43). This SIR in the radiotherapy group was
2.88 (95% CI: 1.44-5.15) and in the chemoradiation group 1.00 (95% CI: 0.21-7.47). In
multivariate analyses there was no relation between treatment modality and the risk for
myocardial infarction. In conclusion in this population we found an increased risk for
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myocardial infarction. This increased risk of myocardial infarction in combination with
the high prevalence of cardiovascular risk factors indicate that active screening for the
presence of concomitant cardiovascular risk factors is of importance in these patients and
if present risk reducing strategies should be aimed for.
From chapter 4 on we address potential new molecular targets in the treatment of
cervical cancer with a special focus on the TRAIL pathway. In chapter 4 an overview is
presented of the molecular options to change the apoptotic balance in cervical cancer,
through enhancing death receptor-mediated apoptosis, the use of proteasome inhibitors,
small interfering RNAs (siRNA) or non-steroidal anti-inflammatory drugs (NSAIDs).
In addition, the potential of attacking pro-survival signaling via the epidermal growth
factor receptor (EGFR) and insulin-like-growth factor pathway to support the apoptotic
process is discussed. The possibilities are numerous but additional research is needed to
elucidate the clinical potential of these compounds in the treatment of cervical cancer.
In cervical carcinogenesis the pS3 tumor suppressor pathway is disrupted by the
human papillomavirus (HPV) E6 oncogene. E6 targets pS3 for rapid proteasome-mediated
degradation. We therefore investigated in chapter 5 whether proteasome inhibition by
MG132 could restore wild-type pS3 levels and sensitize HPV-positive cervical cancer
cell lines to apoptotic stimuli such as recombinant human (rh) TRAIL. In a panel of
cervical cancer cell lines the CaSki cell line was highly, HeLa intermediate and SiHa
not sensitive to rhTRAIL-induced apoptosis. MG132 strongly sensitized HeLa and SiHa
to rhTRAIL-induced apoptosis in a caspase-dependent and time-dependent manner.
MG132 massively induced TRAIL death receptor (DR) 4 and DRS membrane expression
in HeLa, whereas in SiHa only DRS membrane expression was upregulated from almost
undetectable to high levels. An antagonistic DR4 antibody partially inhibited apoptosis
induction by rhTRAIL and MG132 in the HeLa cell line but had no effect on apoptosis
in the SiHa cell line. Inhibition of E6-mediated pS3 proteasomal degradation by MG132
resulted in elevated levels of active pS3 as was demonstrated by pS3 siRNA sensitive p21
upregulation. Although pS3 siRNA partially inhibited MG132-induced DRS upregulation
in HeLa and SiHa, no effect on rhTRAIL-induced apoptosis was observed. MG132
plus rhTRAIL enhanced caspase 8 and caspase 3 activation and concomitant cleavage
of XIAP particularly in HeLa. In addition, caspase 9 activation was only observed in
HeLa. Downregulation of XIAP using siRNA in combination with rhTRAIL induced high
levels of apoptosis in He La, whereas MG132 had to be added to the combination of XIAP
siRNA plus rhTRAIL to induce apoptosis in SiHa. In conclusion, proteasome inhibition
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sensitized HPV-positive cervical cancer cell lines to rhTRAIL independent of p53. Our
results indicate that DR4 and DRS upregulation but also XIAP inactivation contribute to
rhTRAIL sensitization by MG132 in cervical cancer cell lines.
In chapter 6 we report the results of our research on the potential of irradiation in
combination with drugs targeting the TRAIL DR4 and DRS and their mechanism of
action in a cervical cancer cell line. RhTRAIL and the agonistic antibodies against DR 4
and DRS were added to irradiated HeLa cervical cancer cells. Effect was evaluated with
apoptosis and cytotoxicity assays and at the protein level. Membrane receptor expression
was measured with flow cytometry. SiRNAs against p53, DR4 and DRS were used to
investigate their role in the combined effect. RhTRAIL, agonistic DR4 and DRS antibodies
strongly enhanced apoptosis induced by radiation(10 Gy). This extra effect was 22%, 23%
and 29% for rhTRAIL, DR4 and DRS, respectively. Irradiation increased p53 expression
and raised membrane expression of DRS and DR4. P53 suppression as well as siRNA
against DRS resulted in a significant downregulation of DRS membrane expression but
did not affect apoptosis induced by irradiation and rhTRAIL. After siRNA against DR4,
rhTRAIL induced apoptosis and the additive effect of irradiation on rhTRAIL induced
apoptosis were abrogated. This implicates an important role for DR4 in apoptosis
induced through irradiation in combination with rhTRAIL. In conclusion irradiation
induced apoptosis is strongly enhanced by targeting the pro-apoptotic TRAIL, DR4 or
DRS. Irradiation results in a p53-dependent increase in DRS membrane expression. The
sensitizing effect of rhTRAIL on irradiation in the HeLa cell line is, however especially
mediated through the DR4.
Preclinical data including our own indicate a synergistic effect on apoptosis between
irradiation and rhTRAIL, presenting the TRAIL DRs as interesting drug targets. Aim
of the study described in chapter 7 was to analyze the expression of DR4, DRS and
TRAIL in cervical cancer and to determine their predictive and prognostic value in
relation to known clinicopathologic factors. Tissue micro-arrays were constructed from
tumors of 645 cervical cancer patients treated with surgery and/or(chemo-) radiation
between 1980 and 2004. DR4, DRS and TRAIL expression in the tumor was studied
by immunohistochemistry and correlated to clinicopathologic variables, response
to radiotherapy and disease specific survival. Cytoplasmatic DR4, DRS and TRAIL
immunostaining was observed in cervical tumors from respectively 99, 88 and 81 % of
the patients. In patients treated primarily with radiotherapy, TRAIL positive tumors
less frequently obtained a pathologic complete response than TRAIL negative tumors
(66.3% vs 79.0 %; in multivariate analysis: odds ratio(OR): 2.09, p � 0.05). In conclusion
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immunostaining for DR4, DRS and TRAIL was frequently observed in the cytoplasm of
tumor cells in cervical cancer patients. Absence of TRAIL expression was associated with
a higher pathological complete response rate to radiotherapy. DR4, DRS and TRAIL are
not prognostic for disease specific survival. However this finding does not rule out the
potential of targeting the DRs as these targets are frequently expressed.

General discussion
In the industrialized countries much progress has been made by introducing screening
programs for cervical cancer. In the Netherlands 687 new cases of cervical cancer were
diagnosed in 2005 while in the same year 235 women died due to cervical cancer. Further
reduction in cervical cancers is expected from HPV vaccination although yet the precise
influence on cervical cancer incidences has to be awaited and will not occur within the
next 15-20 years. Most cervical cancers are positive for HPV, but 20-30% will have a HPV
type which is not covered by the currently available vaccines and will therefore not be
prevented by vaccination. Another hurdle in the prevention of cervical cancer is the level
to which a population can be vaccinated and not in the last place cost-effectiveness issues.
Given the fact that cervical cancer does still occur and can be a deadly disease
also further improvement in treatment of this disease is required. The introduction of
chemoradiation as standard of care in the treatment of cervical cancer has improved
survival, but almost 40% of patients with locally advanced cervical cancer still die
due to this disease. It is therefore of utmost importance to study new treatments by
adding therapy to or modifying standard treatment. In this thesis we summarize
available literature on treatment related toxicity and evaluate our own results regarding
cardiovascular toxicity. Treatment related toxicity seems to develop even 20 years after
treatment and therefore more information should be collected on long-term treatment
related toxicity. As reported in this thesis cervical cancer in patients coincides with a high
prevalence of cardiovascular risk factors and therefore these patients are candidates for
cardiovascular risk intervention strategies. The many patients that will become cancer
survivors deserve to get special attention for long term risk factors and treatment related
sequelae. Other research themes for the future that are not addressed in our study are
improvements in radiation techniques such as intensity modulated radiotherapy(IMRT),
more image guided irradiation and irradiation with protons in an effort to reduce
treatment related toxicity or increase anti-tumor effect with at least the same toxicity.
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In chapter 4 we show that there are various tumor targets which, if attacked by
specific drugs, might improve treatment results in cervical cancer. In this thesis we show
that targeting the TRAIL pathway is an interesting option in the quest for treatment
improvement. The combination of irradiation and rhTRAIL or one of the agonistic
antibodies targeting DR4 and DRS results in more than an additive cytotoxic effect.
Moreover drugs targeting the TRAIL pathway have been proven safe in phase I studies
as monotherapy and in combination with chemotherapy. Next step is testing toxicity and
efficacy of those drugs in combination with chemo/irradiation in patients with cervical
cancer. Within the UMCG we will embark soon on a study combining an agonistic DR4
antibody with chemoradiation in cervical cancer patients.
In our immunohistochemistry study in a large series of cervical cancers we found no
prognostic role for TRAIL, DR4 and DRS expression. It will however be interesting to
identify predictive biomarkers for the use of either rhTRAIL, one of the DR antibodies, or
a combination of these drugs. Future studies should preferably include such biomarkers
in order to allow selection of patients that may especially benefit of this treatment. Other
interesting future treatment alternatives are targeting the HPV E6 oncogene indirectly by
proteasomal inhibition or directly by siRNA against E6.
Finally, in this thesis we explored a variety of TRAILs towards improved cervical
cancer treatment. Although we have found a few answers, there are still many other
TRAILS left and there is yet no reason to stop wandering.
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Samenvatting
Baarmoederhalskanker is een levensbedreigende ziekte die overal ter wereld voorkomt
maar in het bijzonder bij vrouwen in ontwikkelingslanden. De behandeling van baarmoe
derhalskanker is afhankelijk van de FIGO stadium en van patient gerelateerde factoren.
Patienten met een kleine(< 4 cm) FIGO stadium IB en IIA tumor worden over het alge
meen behandeld doormiddel van een Wertheim Meigs operatie. Bij ongunstige prognos
tische factoren krijgt de patient na chirurgie radiotherapie met of zonder aan-vullende
chemotherapie. Bij patienten met een FIGO stadium > IIA of grote(�_4cm) tumoren(lokaal
gevorderde ziekte) is sinds 1999 een behandeling bestaande uit chemo-radiatie de stan
daard. De toevoeging van chemotherapie aan radio-therapie(met of zonder chirurgie) bij
patienten met baarmoederhalskanker FIGO stadium lB-IVA verbetert de overleving met
12% . Zowel radiotherapie als chemotherapie heeft elk hun eigen toxiciteitprofiel. Door
de combinatie client er extra aandacht te worden geschonken aan korte en lange termijn
bijwerkingen. Immers als gevolg van de verbeterde overleving zijn er meer patienten
die risico lopen op het ondervinden van lange termijn gevolgen van de behandeling.
Ondanks de geboekte vooruitgang is er nog steeds veel ruimte voor verdere verbete
ring van de behandeling van patienten met baarmoederhalskanker. Het is interessant als
een nieuwe systemische doelgerichte therapie gegeven zou kunnen worden omdat deze
medicijnen in hun werkingsmechanisme vaak verschillen van chemotherapie. In prekli
nisch modellen hebben we het effect van het moduleren van de tumor necrose factor
(TNF) "related apoptosis inducing ligand"(TRAIL) route op radiotherapie onderzocht.
Het doel van dit proefschrift is om behandeling gerelateerde toxiciteit bij baarmoeder
halskanker patienten te evalueren en om in preklinische studies te verkennen of we door
bei:nvloeding van de TRAIL route het antitumor effect van radiotherapie in baarmoeder
halskanker kunnen verbeteren.
De literatuurstudie in hoofdstuk 2 geeft een overzicht van de acute en late toxiciteit
bij baarmoederhalskankerpatienten behandeld doormiddel van radiotherapie en of
chemoradiatie. Na alleen radiotherapie ervaart tot 61% van de patienten een vorm van
acute toxiciteit(alle graden) ten gevolge van schade aan het rectosigmoid terwijl voor
urologische, huid en gynaecologische toxiciteit dit het geval was, in 27%, 27% en 20%
van de patienten. Matige en ernstige gastro-intestinale morbiditeit werd gezien bij 5-7%
en urogenitaal toxiciteit bij 1-4% van de patienten. Het toevoegen van chemotherapie
aan radiotherapie resulteert in hematologische acute toxiciteit bij 5-37% en misselijkheid
en braken bij 12-14% van de patienten, deze toxiciteit werd zelden gezien bij patienten
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die alleen bestraald werden. Radiotherapie kan leiden tot verschillende vormen van
late toxiciteit, zoals gastro-intestinale, urologische, vruchtbaarheid, skelet, vasculair,
inductie van secundaire tumoren en invloed op de kwaliteit van het leven. Zelfs tot 20
jaar na de behandeling kunnen er zich nog bijwerkingen ontwikkelen. Gastro-intestinale
toxiciteit ontstaat meestal in de eerste 2 jaar na behandeling in ongeveer 10% van de
patienten. De incidentie van matige en ernstige urologische toxiciteit kan tot 10%
oplopen en stijgt in de tijd. Gynaecologische toxiciteit(zoals dyspareunie, verkorting
van de vagina en vaginale fistels) wordt meestal gezien kort na de behandeling, terwijl
toxiciteit van het skelet en vaten tot tientallen jaren later kunnen optreden. Tot dusver
is er door toevoegen van de chemotherapie aan de radiotherapie geen toename van late
toxiciteit waargenomen. Echter, de meeste gerandomiseerde studies die radiotherapie
en chemoradiatie vergelijken hebben nog een beperkte follow-up en daardoor nog geen
rijpe data over lange termijn bijwerkingen.
In hoofdstuk 2a beschreven wij in een ingezonden brief onze bezorgdheid over de
vertaling van onderzoeksresultaten met betrekking tot chemoradiatie voor baar
moederhalskanker naar de dagelijkse klinische praktijk. Wij benadrukken de door ons
waargenomen toxiciteit als gevolg van de combinatie cisplatine en 5-fluorouracil en de
ondervertegenwoordiging van oudere patienten in de gerandomiseerde klinische studies
die radiotherapie en chemoradiatie vergelijken. Doordat zowel radiotherapie als
platinum bevattende chemotherapie cardiovasculaire toxiciteit kan veroorzaken hebben
we in hoofdstuk 3 het risico op cardiovasculaire "events" bij baarmoederhals
kankerpatienten, behandeld met radiotherapie of chemoradiatie, onderzocht. De
incidentie van cardiovasculaire "events" bij patienten die behandeld werden tussen 1989
en 2002 door radiotherapie of chemoradiatie werd vergeleken met een Nederlandse
referentie populatie. Gestandaardiseerde incidentie ratio(Standardized incidence ratios
= SIRs) met follow-up beginnend aan het einde van de behandeling werden berekend

voor myocardinfarct, angina pectoris, hartfalen, cerebrovasculair accident afzonderlijk
en voor de combinatie van cardiale "events" (myocard infarct, angina pectoris en
hartfalen). Effecten van de behandelingsmodaliteit en risicofactoren voor cardiovasculaire
"events" werden gekwantificeerd in een multivariaat proportioneel regressie
risicoanalyse. Bij 277 patienten met een mediaan follow-up van 4,5 jaar(spreiding 0,1 tot
17 jaar) en een mediane overleving van 9,2 jaar, hebben zich 27 cardiale events voorgedaan.
De radiotherapiegroep(n = 132) was ouder en had meer cardiovasculaire risicofactoren
dan de chemoradiatiegroep(n = 145). De 5, 10 en 15 jaar actuariele incidentie van de
gecombineerde cardiale "events" was 9, 14 en 16%. Voor de hele onderzoek-populatie
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was de SIR voor myocardinfarct verhoogd (2,05; 95% CI: 1,12 tot 3,43). De SIR in de
radiotherapiegroep was 2,88 (95% CI: 1,44 tot 5,15) en in de chemoradiatiegroep 1,00
(95% Cl: 0,21 tot 7,47). In de multivariate analyse was er geen relatie tussen behandeling
modaliteit en het risico op myocardinfarct. In deze populatie vonden we een verhoogd
risico op myocardinfarct. Dit verhoogde risico op myocardinfarct in combinatie met de
hoge prevalentie van cardiovasculaire risicofactoren bij baarmoederhalskankerpatienten
maken actieve "screening" naar cardiovasculaire risicofactoren en indien aanwezig het
toepassen van risicobeperkende strategieen noodzakelijk.
Vanaf hoofdstuk 4 behandelen we potentiele nieuwe moleculaire doelwitten in de
behandeling van baarmoederhalskanker met speciale aandacht voor de TRAIL route.
In hoofdstuk 4 wordt een overzicht gepresenteerd van de moleculaire mogelijkheden
om het apoptotische evenwicht in baarmoederhalskanker te veranderen, via de
verbetering van de "death receptor" (DR) gemedieerde apoptose, het gebruik van
proteasoomremmers, "small interfering RNAs" (siRNA) of niet stero:idale anti
inflammatoire geneesmiddelen (NSAID's ). Daarnaast worden de mogelijkheden voor
het ingrijpen in de "pro-survival" signalering, via de "epidermal growth factor receptor"
(EGFR) en insulineachtige groeifactor "pathway", besproken. We concluderen dat er vele
theoretische behandelingsmogelijkheden zijn maar dat aanvullend onderzoek naar de
klinische effectiviteit van deze middelen in cervixcarcinoompatienten noodzakelijk is.
Tijdens het ontstaan van baarmoederhalskanker wordt de p53 tumor suppressor
"pathway" verstoord door het humaan papillomavirus (HPV) E6 oncogen. E6 zorgt
dat p53 door het proteasoomsysteem wordt afgebroken. In hoofdstuk 5 hebben we
onderzocht of proteasoomremming doormiddel van MG132 tot herstel van wildtype p53
zou kunnen leiden met als gevolg het sensibiliseren van HPV positieve baarmoeder
halskankercellijnen voor apoptotische stimuli zoals recombinant humaan (RH) TRAIL.
Binnen de baarmoederhalskankercellijnen waren de CaSki, Hela en SiHa respectievelijk
zeer, matig en ongevoelig voor rhTRAIL ge:induceerde apoptose. Doormiddel van de
proteasoomremmer MG132 werden Hela en SiHa sterk gesensibiliseerd voor rhTRAIL
ge:induceerde apoptose. In He La induceert MG132 verhoogde TRAIL death receptor (DR)
DR 4 en DRS membraanexpressie, terwijl er in de SiHa alleen de DRS membraanexpressie
omhoog ging. Een antagonistische DR4 antilichaam remde gedeeltelijk de inductie van
apoptose doormiddel van rhTRAIL en MG132 in de HeLa cellijn terwijl er in de SiHa cellijn
geen be'invloeding van apoptose optrad. Remming van E6 gemedieerd p53 proteasomaal
afbraak doormiddel van MG132 resulteerde in toename van het actieve p53. Alhoewel p53
siRNA de DRS toename door MG132 gedeeltelijk remde zagen we in Hela en SiHa geen
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effect op recombinant humaan(rh)TRAIL ge"induceerde apoptose. MG132 plus rhTRAIL
versterkten caspase 8 en caspase 3 activatie met daarbij vooral in de HeLa "cleavage" van
XIAP. Daarnaast is caspase 9 activatie alleen in HeLa waargenomen. "Down"regulatie
van XIAP met behulp van siRNA in combinatie met rhTRAIL induceerde veel apoptose
in Hela, terwijl er in SiHa aan de combinatie van XIAP siRNA en rhTRAIL ook MG132
toegevoegd moest worden om apoptose te induceren. Kortom, proteasoomremming
sensibiliseert HPV positieve baarmoederhalskankercellijnen voor rhTRAIL onafhankelijk
van pS3. Onze resultaten laten zien dat in baarmoederhalskankercellijnen verhoogde
DR4 en DRS expressie evenals XIAP inactivering tot MG132 gemedieerde rhTRAIL
sensibilisatie leiden.
In hoofdstuk 6 beschrijven we de resultaten van ons onderzoek, in een
baarmoederhalskankercellijn, naar het effect van bestraling in combinatie met
geneesmiddelen die gericht zijn tegen de TRAIL receptoren DR4 en DRS. RhTRAIL en
de agonistische antilichamen tegen DR 4 en DRS zijn toegevoegd aan bestraalde Hela
baarmoederhalskankercellen. Het effect werd geevalueerd doormiddel van een apoptose
"assay", cytotoxisch "assay", en op eiwitniveau. Membraanreceptor expressie werd
gemeten met "flow" cytometrie. SiRNA tegen pS3, DR4 en DRS werd gebruikt om hun
rol in het gecombineerde effect te onderzoeken. RhTRAIL en de agonistische DR4 en
DRS antilichamen versterken in grote mate het apoptotisch effect van bestraling(10 Gy).
Dit extra effect was 22%, 23% en 29% voor rhTRAIL, DR4 en DRS. Bestraling verhoogd
pS3 expressie alsook membraanexpressie van DR4 en DRS. PS3 onderdrukking evenals
siRNA tegen DRS resulteerde in een significante daling van DRS membraanexpressie,
maar had geen invloed op apoptose ge"induceerd door bestraling en rhTRAIL. SiRNA
tegen DR4, heeft een negatieve invloed op rhTRAIL ge"induceerde apoptose en voorkomt
het additief effect van rhTRAIL op straling ge"induceerde apoptose. Dit impliceert een
belangrijke rol voor DR4 in apoptose ge"induceerd door bestraling in combinatie met
rhTRAIL. Concluderend kan gesteld worden dat bestraling ge"induceerde apoptose
wordt sterk verbeterd door aan te grijpen op DR4 en·of DRS. Bestraling resulteert in een
pS3-afhankelijke stijging van DRS membraanexpressie. Het sensibiliserende effect van
bestraling op rhTRAIL in de Hela cellijn is echter vooral gemedieerd door de DR4.
Preklinische gegevens inclusief onze eigen laten een synergistisch effect zien
tussen bestraling en rhTRAIL, dit maakt de DR receptoren interessante doelwitten
voor behandeling. Doel van de studie beschreven in hoofdstuk 7 is het analyseren
van de expressie van DR4, DRS en TRAIL in baarmoederhalskankersamples en te
kijken naar hun predictief en prognostische waarde in relatie tot bekende klinische
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en pathologische factoren. Tissue microarrays waren opgebouwd uit tumoren van
645 baarmoederhalskankerpatienten behandeld tussen 1 980 en 2004 met chirurgie en
/ of (chemo-) radiatie. DR4, DRS en TRAIL expressie in de tumor is onderzocht met
immunohistochemischonderzoek en gecorreleerd aan clinicopathologic variabelen,
respons op radiotherapie en ziektespecifieke overleving. Cytoplasmatisch DR4, DRS en
TRAIL immunohistochemische kleuring werd waargenomen in baarmoederhalskanker
van 99, 88 en 81 % van de patienten. Bij patienten met TRAIL positieve tumoren, primair
behandeld met radiotherapie, was er minder vaak sprake van een complete pathologische
response dan bij patienten met TRAIL negatieve tumoren (66,3% versus 79,0%, in
multivariaat analyse: "odds ratio" (OR): 2,09; p < 0,05). Wij concludeerden <lat DR4, DRS

en TRAIL kleuring vaak wordt waargenomen in het cytoplasma van tumorcellen van
baarmoederhalskankerpatienten. Ontbreken van TRAIL expressie was geassocieerd met
een hogere kans op pathologische complete response na radiotherapie. DR4, DRS en
TRAIL zijn niet prognostische voor ziektespecifieke overleving. Omdat deze receptoren
vaak tot expressie komen sluit bovenstaande bevinding het potentieel van het aangrijpen
op DR als antikankertherapie niet uit.

Algemene discussie
In de ge"industrialiseerde landen is door de invoering van "screening" programma's
naar baarmoederhalskanker veel vooruitgang geboekt. In 2005 waren er in Nederland 687
nieuwe gevallen van baarmoederhalskanker, in hetzelfde jaar overleden 235 vrouwen aan
de gevolgen van baarmoederhalskanker. Met de invoering van de HPV vaccinatie wordt
er een daling in voorkomen van baarmoederhalskanker verwacht. De precieze invloed
op baarmoederhalskanker incidentie moet in de komende 15 tot 20 jaar blijken. De
meeste maar niet alle gevallen van baarmoederhalskanker zijn HPV positief bovendien
zijn de vaccins gericht tegen 70-80% van de HPV subtypes. De huidige vaccins zullen
daardoor niet in staat zijn om baarmoederhalskanker uit te roeien. Andere obstakels bij
de preventie van baarmoederhalskanker zijn de te bereiken vaccinatiegraad en niet op de
laatste plaats keuzes op basis van kosteneffectiviteit.
Zolang baarmoederhalskanker nog dodelijk kan zijn en de behandeling gepaard gaat
met bijwerkingen is het noodzakelijk om de behandeling verder te verbeteren. Door de
invoering van chernoradiatie als standaard behandeling van baarrnoederhalskanker
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is de overleving gestegen, toch overlijden er bijna 40% van de patienten met lokaal
gevorderde baarmoederhalskanker nog aan de ziekte. Het is daarom belangrijk om
toevoegingen van nieuwe middelen en of aanpassingen van de standaard behandeling
te onderzoeken. In dit proefschrift geven we een overzicht van de beschikbare literatuur
over behandeling gerelateerde toxiciteit en evalueren onze eigen resultaten op het
gebied van cardiovasculaire toxiciteit. Behandeling gerelateerde toxiciteit lijkt tot zelfs
20 jaar na de behandeling te ontstaan waardoor het belangrijk is om systematisch lange
termijn toxiciteit gegevens te verzamelen. Zoals in dit proefschrift beschreven komen
cardiovasculaire risicofactoren vaak voor bij baarmoederhalskankerpatienten waardoor
ze in aanmerking zouden moeten komen voor cardiovasculair risico reducerende
strategieen. De vele patienten die kanker overleven hebben het recht op extra aandacht
voor lange termijn risicofactoren en behandeling gerelateerde bijwerkingen. Andere
toekomstige onderzoeksthema's die in de toekomst aandacht verdienen en in dit
proefschrift niet zijn behandeld zijn, zijn verbeteringen in de bestralingstechnieken
door onder anderen intensiteit gemoduleerde radiotherapie(IMRT), meer beeldgeleide
bestraling en bestraling met protonen.
In hoofdstuk 4 laten we zien dat er in baarmoederhalskanker verschillende doel
witten zijn die indien door specifieke geneesmiddelen aangevallen, tot verbetering van
de behandeling zouden kunnen leiden. We hebben laten zien dat het aangrijpen op de
TRAIL route een interessante optie is in de zoektocht naar betere behandelingsopties. De
combinatie van bestraling en rhTRAIL of een van de agonistiche antilichamen gericht
tegen DR4 en DRS resulteren in meer dan een additief cytotoxisch effect. Bovendien is
uit fase 1 onderzoek gebleken dat het toedienen van geneesmiddelen gericht tegen de
TRAIL receptoren als monotherapie en in combinatie met chemotherapie veilig is. De
volgende stap is het onderzoeken van de toxiciteit en effectiviteit van deze middelen
in combinatie met chemoradiatie bij patienten met baarmoederhalskanker. Binnen het
UMCG zullen wij binnenkort bij baarmoederhalskankerpatienten een studie starten
waarbij een agonistisch DR4 antilichaam gecombineerd wordt met chemoradiatie. In
onze immunohistochemie studie in tumormateriaal van baarmoederhalskankerpatienten
hadden TRAIL, DR4 en DRS geen prognostische waarde. Het is echter wel nog steeds
interessant om in de toekomst predictieve biomarkers te identificeren die het mogelijk
maken een keuze te maken tussen het gebruik van rhTRAIL, een van de DR antilichamen,
of een combinatie van deze geneesmiddelen. Toekomstige studies zouden bij voorkeur
biomarkers moeten zoeken die het mogelijk maken om patienten te selecteren die het
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meest van deze behandelingen zouden profiteren. Andere interessante toekomstige
behandeling alternatieven zijn gericht tegen de HPV-E6 oncogen dit kan indirect
doormiddel van proteasoomremmers of direct door siRNA tegen E6.
In dit proefschrift hebben we verschillende paden ("TRAILs") voor een verbetering
van baarmoederhalskankerbehandeling bestudeerd. Hoewel we een aantal antwoorden
hebben gevonden zijn er veel onbewandelde paden en geen reden om te stoppen met
gericht zoeken.
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Resumen
El cancer cervicouterino es una enfermedad que amenaza la vida de mujeres alrededor del
mundo especialmente a las mujeres en los paises en desarrollo. El tratamiento del cancer
del cuello uterino dependen del estadio(FICO) y factores relacionados con la paciente. En
general las pacientes con tumores pequeiios(<4 cm) y estadio FICO 1B y IIA se tratan por
medio de la operaci6n Wertheim Meigs. En caso de factores pron6sticos desfavorables la
cirugia es seguida por radioterapia o radioterapia en combinaci6n con quimioterapia. En
pacientes con estadio FICO > IIA tumores voluminosos(> 4 cm),(enfermedad localmente
avanzada) desde el 1999 el tratamiento consistente de radioterapia en combinaci6n con
quimioterapia. La adici6n de la quimioterapia a la radioterapia (con o sin cirugia) en
pacientes con cancer de cuello uterine etapa 1B Figo IVA mejora la supervivencia en un
12%. Tanto la radioterapia como la quimioterapia tienen sus propios efectos secundarios.
Por lo tanto se ha de poner atenci6n especial a los efectos secundarios tanto a corto como
a largo plazo. De hecho, debido a la afortunadamente mejora en supervivencia, un mayor
nu.mere de pacientes corren el riesgo de desarrollar complicaciones a largo plazo.
A pesar de los progresos, aun hay suficientes posibilidades de seguir mejorando el
tratamiento de pacientes con cancer de cuello uterine. Seria interesante el poder dar
terapias que especificamente ataquen el tumor ya que estos medicamentos a menudo
difieren en su mecanismo de acci6n de la quimioterapia. En modelos preclinicos hemes
explorado las posibilidades de modular el efecto de la radioterapia por medic del TRAIL
(tumor necrosis factor(TNF) related apoptosis inducing ligand) "pathway".
El objetivo de esta tesis es la evaluaci6n de la toxicidad relacionada con el tratamiento
del cancer de cuello uterine y de explorar el potencial del TRAIL "pathway" para potenciar
el efecto contra el tumor y asi mejorar el tratamiento del cancer de cuello uterine.
En la revision de la literatura en el capitulo 2 ofrecemos un panorama general de
la toxicidad aguda y tardia en los pacientes tratados de cancer de cuello uterine por la
radioterapia con o sin quimioterapia. Hasta el 61 % de las pacientes tratadas solamente con
radioterapia encuentran algun tipo de toxicidad aguda(todos los grades) a causa de daiios
a la rectosigmoidea mientras que complicaciones urol6gicas, ginecol6gica y de la piel son
vistas en el 27%, 27% y el 20% de las pacientes. Complicaci6n gastrointestinal moderada
y grave se vio en 5-7% de las pacientes y complicaciones genitourinaria en el 1-4% de
las pacientes. Aiiadir quimioterapia a la radioterapia resulta en toxicidad hematol6gica
aguda en 5-37% y las nauseas y los v6mitos en el 12-14% de las pacientes. Este tipo
de toxicidad se vio raramente en pacientes que solo fueron irradiadas. La radioterapia
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puede resultar en diferentes formas de toxicidad a largo plazo, como gastrointestinal,
urol6gico, la fecundidad, en el esqueleto, vascular, la inducci6n de tumores secundarios
y el impacto sobre la calidad de vida. Incluso 20 afios despues del tratamiento pueden
todavia desarrollarse efectos secundarios. Toxicidad gastrointestinal generalmente se
produce en los 2 primeros afios despues del tratamiento en aproximadamente el 10%
de las pacientes. La incidencia de casos moderados y graves de toxicidad urol6gica
puede aumentar hasta un 10% y aumenta con el tiempo. Toxicidad ginecol6gica(tales
como dispareunia, el acortamiento de la vagina y de la fistula) es vista por lo general
poco despues del tratamiento, mientras que la toxicidad del esqueleto y vasculares
pueden ocurrir decadas despues del tratamiento. Hasta el momenta por la adici6n de la
quimioterapia a la radioterapia no se ha encontrado aumento en complicaciones a largo
plazo. Sin embargo, la mayoria de estudios randomizados que comparan la radioterapia
y la combinaci6n de quimioterapia y radioterapia tienen un "follow-up" limitado
y por lo tanto los datos sobre efectos secundarios a largo plazo no han madurado.
En el capitulo 2 manifestamos nuestra preocupaci6n con la traducci6n de los resultados de
estudios con respecto a quimiorradiaci6n en el tratamiento del cancer del cuello uterino
a la practica diaria. Hacemos hincapie sobre la toxicidad observada como resultado de
la combinaci6n de cisplatino y 5-fluoro uracilo y la insuficiente representaci6n de los
pacientes de mayor edad en los estudios clinicos aleatorios que comparan la radioterapia
y la quimiorradiaci6n.
Ya que tanto la radioterapia y la quimioterapia a base de platino pueden causar
toxicidad cardiovascular en el capitulo 3 investigamos el riesgo de eventos cardio
vasculares en pacientes con cancer de cuello uterino tratadas con radioterapia o quimior
radiaci6n. La incidencia de eventos cardiovasculares en las pacientes tratadas entre 1989
y 2002 con la radioterapia o quimiorradiaci6n se compar6 con una poblaci6n de referenda
neerlandes. Incidencia ratio(ratio de incidencia = SIRS), con "follow-up" a partir del final
del tratamiento se calcularon para el infarto de miocardio, angina de pecho, insuficiencia
cardiaca, accidente cerebrovascular. Esto por separado y en combinaci6n con eventos
cardiacos(infarto de miocardio, angina de pecho e insuficiencia cardiaca). Efectos de
la modalidad de tratamiento y factores de riesgo de eventos cardiovasculares se han
cuantificado en un analisis multivariado de regresi6n proporcional. En 277 pacientes
con un "follow-up" mediana de 4,5 afios(extension 0,1 a 17 afios) y una mediana de
supervivencia de 9,2 afios, se han producido 27 eventos cardiacos. Las pacientes
tratadas solo con radioterapia(n = 132) eran mayores y tenian mas factores de riesgo
cardiovascular que el grupo tratado con quimiorradiacion (n = 145). La incidencia
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actuarial de la combinaci6n de eventos cardiacos a los 5, 10 y 15 afios es de 9, 14 y 16%. En
la poblaci6n completa el SIR tocante el infarto de miocardio es elevado (2,05, IC 95%: 1,12
a 3,43). El SIR en el grupo tratado solo con radioterapia es 2.88 (IC 95%: 1,44 a 5,15) y en el
grupo tratado con quimiorradiaci6n 1.00 (IC 95%: 0,21 a 7,47). En analisis multivariante,
no habia ninguna relaci6n entre la modalidad de tratamiento y el riesgo de infarto de
miocardio. En esta poblaci6n se encontr6 un mayor riesgo de infarto de miocardio.
Este aumento del riesgo de infarto de miocardio en relaci6n con la alta prevalencia de
factores de riesgo cardiovascular en pacientes con cancer cervicouterino mandan activa
detecci6n de factores de riesgo cardiovascular, y si presentes la aplicaci6n de estrategias
de reducci6n de riesgos.
Desde el capitulo 4 se discuten las posibilidades de tratamientos contra nuevos
objetivos moleculares en el cancer de cuello uterino, con especial atenci6n al TRAIL
"pathway".
En el capitulo 4 se presenta un panorama general de las opciones molecular para
cambiar el equilibrio apopt6tico en el cancer cervical, a traves de mejora de la apoptosis
mediana por los "death receptors", inhibidores del proteasoma, "small interfering
RNAs" (siRNA) o antiinflamatorios no esteroideo (NSAID). Ademas, el potencial para
interferir con el sendero de sobrevivencia a traves de la sefializaci6n del receptor del
factor de crecimiento epidermico (EGFR) y del "Insulin growth factor". Llegamos a
la conclusion de que hay muchos tratamientos te6ricos, pero hace falta investigaci6n
tocante la efectividad de estos recursos en pacientes con cancer del cuello cervical.
Durante el desarrollo del cancer cervical, el supresor de tumor p53 es afectada por el
virus del papiloma humano (HPV) oncogen E6. E6 causas que el p53 sea degradado por
medio del sistema proteasoma. Por lo tanto, investigamos en el capitulo 5 si la inhibici6n
del proteasoma por medio de MG132 puede restaurar los niveles de p53 y sensibilizar las
lineas celulares de cancer de cuello uterino a los estimulos apopt6ticos como "recombinant
human" (Rh) TRAIL. Dentro de la lineas celulares de cancer de cuello uterino el CaSki,
Hela y SiHa, son respectivamente altamente, moderadamente e insensible a la apoptosis
inducida por rhTRAIL. MG132 sensibiliza HeLa y SiHa a la apoptosis inducida por
rhTRAIL. En Hela MG132 induce la expresi6n membrana de "death receptor" (DR) 4 y 5
mientras que en SiHa esto es solo el cas en DRS. Un anticuerpo antagonista contra DR4
inhibe parcialmente la inducci6n de la apoptosis a traves de rhTRAIL y MG132 en la linea
celular HeLa mientras que en la linea celular SiHa esto no afecta el nivel de apoptosis. La
inhibici6n de la degradaci6n de p53 mediada por E6 a traves del proteasoma es inhibida
por MG132 resultando en restituci6n de los niveles de p53. Aunque siRNA contra
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pS3 inhibe el incremento de DRS inducido por MG132 en Hela y SiHa esto no afecta
la apoptosis inducida por la combinaci6n de MG132 y rhTRAIL. MG132 mas rhTRAIL
activan caspasa 8 y 3 mientras que en HeLa division de XIAP. Ademas, la activaci6n de
la caspasa 9 se observo solamente en HeLa. En HeLa siRNA contra XIAP en combinaci6n
con rhTRAIL induce apoptosis, mientras que en SiHa hace falta de aiiadir MG132 al
la combinaci6n de siRNA contra XIAP y rhTRAIL para inducir apoptosis. En resumen
la inhibici6n del proteasoma sensibiliza lineas celulares de cancer de cuello uterino al
rhTRAIL independiente de pS3. Nuestros resultados muestran que, en lineas celulares
de cancer de cuello uterino aument6 de expresi6n de DR4 y DRS e inactivaci6n de XIAP
resultan en mas apoptosis con la combinaci6n de MG132 y rhTRAIL.
En el capitulo 6 se presentan los resultados de nuestra investigaci6n sobre el potencial
de la radiaci6n en combinaci6n con farmacos dirigidos contra los receptores DR4 y DRS y
su mecanismo de acci6n en una linea celular de cancer de cuello uterino. RhTRAIL y los
anticuerpos agn6sticas contra DR 4 y DRS son aiiadidos a la radiaci6n de las celulas del
cancer de cuello uterino HeLa. El efecto se evalu6 por medio de la apoptosis y los "assays"
citot6xicos tanto como al nivel de las proteinas. La expresi6n del receptor de membrana
se midi6 con citometria de flujo. SiRNA contra pS3, DR4 y DRS fue utilizado para
investigar por su papel en el efecto combinado. RhTRAIL y anticuerpos agn6sticos DR4
y DRS fuertemente refuerzan la apoptosis inducida por 10 Gy de radiaci6n. Este efecto
fue de 22%, 23% y 29% para rhTRAIL, DR4 y DRS. Irradiaci6n aument6 la expresi6n de
pS3 y expresi6n membrana de DR4 y DRS. Represi6n de pS3, asi como siRNA contra DRS
resultan en una disminuci6n significativa de expresi6n membrana de DRS esto sin efecto
sobre la cantidad de apoptosis inducida por la irradiaci6n y rhTRAIL. SiRNA contra
DR4, tiene un impacto negativo sobre apoptosis inducida por rhTRAIL y evita el efecto
aditivo sobre apoptosis causado por la combinaci6n de rhTRAIL y la radiaci6n. Esto
implica que el DR4 juega un papel importante en la apoptosis inducida por la irradiaci6n
en combinaci6n con rhTRAIL. En conclusion la apoptosis inducida por la irradiaci6n
es fuertemente reforzada por la intervenci6n del DR4 y DRS. Irradiaci6n resulta en un
aumento de expresi6n membrana de DRS dependiente de pS3. El efecto de sensibilizaci6n
de la irradiaci6n a rhTRAIL en celulas Hela es principalmente mediada por el DR4.
Los datos preclinicos incluyendo los nuestros indican un efecto sinergico sobre la
apoptosis entre la radiaci6n y rhTRAIL lo que hace que los receptores DR4 y DRS
interesantes objetivos para el tratamiento. El objetivo del estudio que describimos en
el capitulo 7 es analizar la expresi6n de DR4, y DRS TRAIL en muestras de cancer de
cuello uterino y ver su valor predictivo y pron6stico en relaci6n con los conocidos

- 171 -

Chapter 10

factores clinicos y patol6gicos. "Microarrays" de tejidos se construyeron con tu.mores
de 645 tu.mores de cancer de cuello uterino estas pacientas fueron tratadas entre 1980
y 2004 por medio de cirugia y / o(quimio-) radiaci6n. Expresi6n de DR4, DRS TRAIL
en los tu.mores fueron estudiados por medio de immunohistochemia y correlaci6n con
variables clinico-patol6gicas, respuesta a la radioterapia y la supervivencia especifica a
la enfermedad. Expresi6n citoplasmaticas de DR4, DRS y TRAIL fueron observados en
el cancer de cuello uterino de 99, 88 y 81% de las pacientes. En las pacientes tratadas
con radioterapia, tu.mores negativos a TRAIL obtuvieron mejor respuesta patol6gica a la
radiaci6n comparado con tumores positivos a TRAIL(79,0% versus 66,3%, en el analisis
multivariante: odds ratio(OR): 2,09, p < 0,05). Llegamos a la conclusion de que expresi6n
de DR4, DRS y TRAIL se observa con frecuencia en el citoplasma de las celulas tu.morales
de pacientas con cancer de cuello uterino. Ausencia de expresi6n de TRAIL se asoci6 con
un riesgo mas alto de respuesta patol6gica completa despues de la radioterapia. DR4,
DRS TRAIL y no son pron6sticos a la supervivencia especifica de la enfermedad. Sin
embargo, este resultado no excluye la posibilidad de atacar los receptores DR4 y DRS ya
que estos son frecuentemente expresados en estos tu.mores.

Discusi6n general
En los paises industrializados se ha avanzado mucho mediante la introducci6n de
programas de cribado para el cancer de cuello uterino. En los Paises Bajos, 687 nuevos casos
del cancer de cuello uterino fueron diagnosticados en el 2005, mientras que en el mismo
afio 235 mujeres fallecieron por causa de cancer del cuello uterino. Con la introducci6n
de la vacunaci6n contra el HPV se espera una disminuci6n en nuevos casos de cancer del
cuello uterino. El efecto exacto sobre la incidencia de cancer del cuello uterino se sabra en
los pr6ximos 15 a 20 afios. La mayoria pero no todos los casos de cancer cervical son el HPV
positivas ademas las vacunas son contra el 70-80% de los subtipos de HPV. Las vacunas
actuales no seran capaces de erradicar el cancer del cuello uterino. Otros obstaculos a
la prevenci6n del cancer de cuello uterino son el grado de vacunaci6n que se pueda
alcanzar en la poblaci6n y no menos importantes escojo a bases de costos de efectividad.
Tanto el cancer de cuello uterino pueda ser fatal y el tratamiento se asocia con
efectos secundarios es necesario mejorar aun mas el tratamiento. La introducci6n
de la quimiorradiaci6n como el tratamiento estandar del cancer de cuello uterino la
supervivencia ha aumentado, sin embargo mueren casi 40% de las pacientes con cancer
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localmente avanzado de cuello uterino. Por lo tanto, es importante estudiar nuevos
tratamientos y adaptaciones en el tratamiento estandar. En esta tesis se resume la literatura
disponible sobre la toxicidad relacionada con el tratamiento y evaluamos nuestro propio
resultado tocante la toxicidad cardiovascular. Toxicidad relacionada con el tratamiento
parece manifestarse hasta mas de 20 aii.os despues del tratamiento y, por lo tanto, es
importante coleccionar sistematicamente resultados de tratamiento a largo plazo. Como
se describe en esta tesis los factores de riesgo cardiovascular son comunes en pacientes
con cancer de cuello uterino por lo tanto se necesitan estrategias de reducci6n de riesgo
cardiovascular. Los numerosos pacientes que sobreviven el cancer tienen derecho a una
atenci6n adicional a factores de riesgo y complicaciones relatadas al tratamiento. Otros
temas de investigaci6n que merecen atenci6n en el futuro y que en esta tesis no han
sido tratados son la mejora de las tecnicas de radiaci6n, entre otros, la radioterapia de
intensidad modulada (IMRT), radiaci6n guiada por imagen y la irradiaci6n con protones.
En el capitulo 4, demostramos que en el cancer de cuello uterino hay diferentes medicinas
que pueden atacar objetivos moleculares especificos y asi tratar de mejorar el tratamiento.
Hemos demostrado que la posibilidad del TRAIL "pathway" es una opci6n interesante
en la busqueda de mejores opciones de tratamiento. La combinaci6n de radiacion y
rhTRAIL o uno de los anticuerpos agonistas dirigidos contra DR4 y DRS resultan en
mas de un aditivo efecto citotoxico. Ademas, estudios de fase 1 han demostrado que la
administracion de farmacos dirigidos contra receptores TRAIL como monoterapia y en
combinaci6n con quimioterapia, son seguros. El siguiente paso es investigar la toxicidad
y la eficacia de estos farmacos en combinaci6n con quimiorradiaci6n en pacientes con
cancer de cuello uterino. En el UMCG, pronto comenzara un estudio en pacientes con
cancer de cuello uterino en cual un anticuerpo agonista contra DR4 se combinara con
quimiorradiacion. En nuestro estudio de inmuno histoquimica en el material tumoral
de los pacientes con cancer de cuello uterino TRAIL, DR4 y DRS no tienen ningun
valor pron6stico. Sin embargo, sigue siendo interesante en el futuro para identificar
biomarcadores predictivos que permitan la posibilidad de elegir entre el uso de rhTRAIL,
uno de los anticuerpos DR, o una combinaci6n de estos farmacos. Otros tratamientos de
interes serian opciones dirigidas contra el HPV E6-oncogen, directamente por medio de
siRNA contra E6 o indirectamente por medio de inhibidores del proteasoma.
En esta tesis, hemos estudiado diferentes caminos (TRAIL) para mejorar el tratamiento
del cancer de cuello uterino. Aunque hemos encontrado algunas respuestas aun hay
muchos caminos que no hemos andado y por eso ninguna raz6n para dejar de seguir
buscando.
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