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INTRODUCTION 
Cervical cancer is one of the most common malignancies in women worldwide (1). 
Due to an effective screening programme, in the Netherlands cervical cancer is 
often detected in early stages of disease. For early stage (International Federation 
of Gynaecology and Obstetrics (FIGO) stage IB/IIA) cervical cancer, radical surgery 
followed by adjuvant radiotherapy in the finding of poor prognostic factors and 
primary (chemo-)radiotherapy are equally effective treatment options. Survival 
rates after treatment are relatively good with 5 year survival rates of 85-95% (2). 
Unfortunately, treatment for cervical cancer may induce morbidity. Both surgery 
and radiotherapy are known to affect bladder-, bowel- and sexual functioning after 
treatment. When the morbidity of the treatment is high and life after treatment 
is long, loss of quality of life (QoL) is an important aspect. Hereby, more and more 
attention is focused on tailored treatment, finding the optimal balance between 
good survival results with maintenance of QoL. 

TREATMENT FOR EARLY STAGE CERVICAL CANCER
Radical surgery

Radical hysterectomy comprises en-bloc resection of the uterus with surrounding 
parametrium and upper vagina. In 1911, Ernst Wertheim was the first who 
described a series of >500 cases of an abdominal radical hysterectomy combined 
with a pelvic lymphadenectomy (RHL) (3, 4). He strongly supported the opinion that 
taking out the regional lymph nodes improved radicality and survival. Meanwhile, 
Schauta published his technique of a radical vaginal hysterectomy without 
lymphadenectomy (5). He believed in the hypothesis that removing the lymph 
nodes was not beneficial because it would not be necessary in case of negative 
nodes and never radical enough in case of positive nodes because the next lymph 
node location could also be involved. Early in the 20th century, radiotherapy totally 
replaced surgical treatment, leading to less mortality caused by anaesthesia, 
massive blood losss and post operative infections. In the University of Amsterdam 
van Bouwdijk Bastiaanse, trained by Schauta, re-introduced vaginal radical surgery 
for cervical cancer (6). The relatively good 5-year survival rate of 55% he described 
was mainly caused by a better patient selection. Pelvic lymphadenectomy was 
introduced in all radical procedures by Joe Vincent Meigs around 1944 (7). He 
also described the mobilisation of the different parts of the parametrium (vesico-
uterine-, recto-vaginal- and utero-sacral ligaments) and the extensive release of 
the ureter from its surrounding tissue in order to create a more radical resection. 
With this technique, 5-years survival rates for stage I-II cervical cancer reached 
75%. At the same time in Asia, it was the Okabayashi technique which became 
more popular (8). This latter technique is considered a more radical technique than 
the Wertheim procedure with more emphasis on removing the paracolpal tissues 
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(9, 10).  In 1954 was Mitra the first to describe a combined vaginal/abdominal 
procedure: the Mitra-Schauta operation. With his technique, a vaginal Schauta 
radical hysterectomy was combined with an extra-peritoneal lymphadenectomy 
(11). Five-year survival rates were 61%. In 1957, Sindram introduced the AVRUEL 
(Abdominal Vaginal Radical Uterus Extirpation with Lymphadenectomy) operation 
(12). Hereby, intra-abdominal removal of pelvic lymph nodes facilitates cautious 
inspection of the abdomen before starting the radical vaginal procedure. The 
vaginal phase of the procedure enabled the surgeon to remove the paracolpium/
parametrium more radical than during abdominal procedures. However, treatment 
induced morbidity rates were high, in particular vesico- and ureterovaginal fistulas 
were often reported (13, 14). 
Currently, many modifications of a radical hysterectomy have been proposed in 
order to reduce morbidity, resulting in a more individualised approach, taking into 
account prognostic factors (15-19). Nerve sparing techniques, the use of minimal 
invasive surgery and fertility sparing surgery are examples of this current practice 
(20-23). Höckel developed the concept of total mesometrial resection (TMMR), 
where the uterus is removed based on a embryologically defined ontogenetic 
compartment called the Müllerian ‘morphogenetic’ unit (MGU) (24). Höckels 
theory describes that the MGU itself is originating from another embryological 
precursor tissue than its surrounding structures. Stating that local tumour spread 
only occurs through tissues and organs from the same embryological origin, he 
suggests that in order to radically remove cervical cancer, only resection of the 
MGU is necessary. As all tissue not deriving from the Müllerian ducts can be left in 
situ, this theory advocates that nerves could be spared during radical surgery for 
cervical cancer (25). The other advantage of this surgical technique might be that 
by radical removal of the complete MGU, adjuvant radiotherapy is never indicated. 
Even though lymph nodes or resection margins are tumour positive. Although 
many of the before mentioned modifications have been used in various patient 
groups, it is still not clear which specific radical treatment is suitable for which 
patient. Only two randomised controlled trials address the issue of radicality of 
the surgery and results of these studies are strongly affected by high rates of post-
operative radiotherapy rates (26, 27).

Radiotherapy

Radiotherapy for cervical treatment generally consists of external beam radiotherapy 
to the pelvis (46 Gray (Gy) in fractions of 2 Gy) followed by a Fletcher-type intracavitary 
brachytherapy application. Since 2001, primary radiotherapy is conducted with 
concurrent chemotherapy (Cisplatinum, 40 mg/m2/week), reaching higher survival 
rates in locally advanced early stage and late stage (FIGO stage >IB2) carcinoma of the 
cervix (28). Radiation therapy is feasible and effective in almost all patients. Intensity 
modulated radiotherapy (IMRT) is a new technique in which radiotherapy is very 
precisely delivered to the tumour by modulating the intensity of the radiation beam 
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in multiple small volumes. Coming from different directions, these beams produce a 
radiation dose maximized for the tumour, while minimizing the dose to surrounded 
tissue. Studies have showed that IMRT is clinical feasible in cervical cancer and 
morbidity on bowel, bladder and vagina can hereby be minimized (29-31). 

PELVIC ANATOMY
‘The’ parametrium

The extent of radical hysterectomies differs in several techniques used worldwide. 
The varieties within these procedures mainly concern the extent of parametrial 
resection, and maybe lesser so regarding the extent of the lymph node dissection. 
Despite the clear description of different techniques of performing a RHL in the 
literature, there is still confusion about anatomical terminologies and definitions 
of radicality(30). In order to try to speak “the same language” and to compare 
data from the literature, several authors tried to define and classify the extent of 
the radical hysterectomy (32-34). The Leiden TNM-classification enables surgeons 
to describe the type of radical hysterectomy in the 4 different directions the 
parametrium extents in (Figure 1): ventral in the vesico-uterine ligament, lateral 
in the cardinal ligament, caudal is the paracolpal and paravaginal tissue and dorsal 
the sacro-uterine ligament. In this system, the Wertheim-Okabayashi would be a 
V3/L3/C3/D2 procedure. The Wertheim-Meigs operation can be classified as V1/
L3/C1-2/D1-3.

Figure 1. (35). Surgical directions of the parametrium based on the Leiden TNM classification. Ventral (V) 1: 
superficial layer of vesico-uterine ligament ( VUL); V2: medial part of the deep layer of VUL; V3: lateral part 
of the deep layer of VUL. Lateral (L) 1: medial to the ureter; L2: between ureter and pelvic side wall; L3: until 
the pelvic side wall. Caudal (C) 1: above the ureter; C2: above the deep uterine vein; C3: underneath the deep 
uterine vein. Dorsal (D) 1: between the uterus and rectum; D2: at the anterior rectal border; D3: halfway the 
rectal circumference. Note: the ureter (U) passes through the lateral, ventral and upper caudal parametrium. 
The uterine artery (Ut.a.) runs in the lateral parametrium,  whereas the deep uterine vein (D.v.) proceeds in the 
lateral and caudal parametrium. Ut: uterus, B: bladder, R: rectum.
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The parametrial and paracolpal tissue is of great importance because of the 
extensive network of sympathetic and parasympathetic autonomic nerves running 
in all directions of the parametrium. The inferior hypogastric plexus contains nerves 
innervating the rectum, uterus, vagina, clitoris, bladder and urethra. Accurate 
studying of the inferior hypogastric plexus in relation to gynaecologic radical 
surgery shows that the plexus runs close to its target organs as a plaque, stretching 
from anterolateral from the rectum, over the cervix and vaginal fornix laterally up 
to the base of the bladder (36).

Pelvic anatomy during radical hysterectomy

Risk areas during radical hysterectomy are: 1. Dissection of the deep and lateral 
parts of the sacro-uterine ligaments (dorsal parametrium): in this step, branches 
from the inferior hypogastric plexus running to the bladder and vagina as well as 
posterior fibres innervating the rectum might be disrupted; 2. Dissection lateral to 
the cervix and vaginal fornix: as mentioned before, the inferior hypogastric plexus 
runs very close to these structures and the bulk of the plexus is located in this 
area, leading to the fact that radical surgery in this particular region frequently 
leads to damage of the plexus; 3. Dissection of the paracolpium (ventro-caudal 
parametrium): the majority of nerve fibres innervating the bladder was found in 
this area, also called the vesico-uterine ligament (VUL)
In cervical cancer, tumour spreads mainly by local growth or lymphatics. In order to 
obtain good survival outcomes one comprehends that lymph vessels running from 
the cervix and draining into the lymph nodes must be removed. Nevertheless, the 
exact lymphatic drainage pathways of the cervix are yet to be discovered. Altogether, 
it is of pivotal importance to understand the pathways of both lymphatics as well 
as autonomic nerves throughout all 4 extensions of the parametrium to create a 
surgical technique of performing a radical hysterectomy with good outcomes in 
terms of recurrence and survival as well as good results concerning QoL. 

LONG-TERM MORBIDITY AND QUALITY OF LIFE
Surgery

Unfortunately, the favourable outcomes of treatment for early stage cervical 
cancer in terms of recurrence and survival, have their price. As a result of radical 
hysterectomy, damage to the pelvic autonomic nerves, in particular the inferior 
pelvic plexus is likely to occur resulting in vaginal/sexual, urinary and bowel 
dysfunction (37). 
In 8-80% of all patients, urinary dysfunction occurs (13, 38-40). This wide variation 
reflects differences in measuring instruments, diverse follow up intervals as well 
as different surgical techniques. Nevertheless, 50% of patients suffer from at least 
one lower urinary tract symptom after RHL (41-43). The typical early post-operative 
effect of surgical autonomic nerve damage on voiding gradually diminishes in the 
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post-operative period. Symptoms still present 6-12 months after surgery are mainly 
permanent. Emptying difficulties due to a persistent non-contractile (atonic/
hypotonic) bladder results in urinary retention and voiding by abdominal straining.  
Persistent (para)sympathetic motor denervation and bladder wall changes (caused 
by urinary tract infection or over-distention) seem to reduce bladder capacity, 
leading to overactive bladder symptoms like frequency, urgency and urge-
incontinence (38, 44, 45). Colorectal dysfunction has been reported in 5-58% of 
patients after RHL (13, 46-48). One of the most frequent colorectal symptoms 
is severe constipation in 5-10% (13, 41, 49). The smooth muscle contractions 
of the bowel are coordinated by the neural control of the inferior hypogastric 
plexus and also the sensory innervation of the bowel runs through this network. 
Numerous studies have shown colorectal motility disorders after hysterectomy for 
benign as well as for malignant conditions (46, 49, 50). Vaginal changes after RHL 
due to disruption of the inferior hypogastric plexus are described as diminished 
lubrication, a narrow and short vagina, dyspareunia and sexual dissatisfaction. 
These problems lead to sexual dysfunction in 25% of the patients (51-55). Disorders 
in the lubrication-swelling response are caused by damage to the autonomic nerve 
supply of the blood vessels of the internal genitalia and disturbed neural control of 
vasocongestion (56). Furthermore, up to 25%  of women report lymphedema after 
RHL as a result of the pelvic lymphadenectomy (41, 57-59). 

Radiotherapy

After radiotherapy bladder changes as mural thickening, mucosal irregularity, 
focal ulceration, fibrosis, reduction in size and vesico-vaginal fistulas are observed, 
resulting in a low compliant bladder and overactive bladder symptoms like urgency 
and frequency (60-64). Sixty percent of urinary symptoms due to radiotherapy 
develop more than two years following treatment, in contrast to colorectal 
problems, of which 80% develop within the first two years (65, 66).  Incidence rates 
for urinary dysfunction increase between 3 and 5 years post radiotherapy, from 
18% to 28%, respectively (66). The incidence of colorectal complications of post-
operative radiotherapy varies in literature from 3-30% (67). Incontinence for stools 
and diarrhea are the most frequently reported colorectal complaints after pelvic 
radiotherapy (68-71). Furthermore, after radiotherapy patients may experience 
late large bowel complications such as fistulae and perforations. Small bowel 
problems are described as fixity of bowel loops, thickening of the wall, coarsening 
of the mucosal pattern and strictures. All these changes can also cause colorectal 
dysfunction (64, 72, 73). 
Radiotherapy also induces sexual dysfunction due to vaginal changes as a result 
of chronic fibrotic changes in the pelvic tissue (25, 64, 74). Long-term vaginal 
morbidity after pelvic and intracavitary radiotherapy consists of mucosal atrophy, 
shortening and/or stenosis of the vagina resulting in vaginal dryness,  dyspareunia 
and loss of libido (51, 74). 
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All the above described symptoms have a substantial negative impact on QoL in, 
often young, survivors of cervical cancer (41, 52, 57). QoL in this context is defined 
as a person’s self-reported perception of physical, psychosocial, and sexual well-
being and its perception may be independent of objective measurements (75). 

AIM AND OUTLINE OF THE THESIS
The treatment of early stage cervix cancer balances delicately between optimal 
tumour control and survival on the one hand and minimizing morbidity on the 
other hand. The aim of this thesis was to investigate the role of radicality of surgery 
and the resultant impact on tumour control, survival and morbidity. Collaborated 
work between oncological centers in the Netherlands made it possible to conduct 
a series of studies finding answers to the importance of the extent of surgery and 
morbidity and QoL after treatment. 

PART I – SURVIVAL AFTER RADICAL SURGERY FOR EARLY STAGE CERVICAL 
CANCER

The first part of this thesis contains studies on oncological outcomes for various 
types of radical hysterectomies and the Wertheim-Okabayashi type of radical 
hysterectomy in particular. 
Chapter 2 describes a very large retrospective, multicentre study of different 
techniques to perform a radical hysterectomy for FIGO stage IB/IIA cervical cancer 
in 2124 patients in the Netherlands. Databases in three large referral centers 
were used to determine the effect of different surgical procedures with respect to 
pattern of recurrence and survival, in order to identify patients who may benefit 
from a less or more radical type of hysterectomy. In Chapter 3 results of different 
treatment strategies in lymph node positive FIGO stage IB/IIA cervical cancer are 
described and explored. The study reports on the effect of completing a radical 
hysterectomy followed by adjuvant (chemo-) radiotherapy versus abandoning the 
radical hysterectomy and the choice for primary chemo-radiation in the case of 
finding positive lymph nodes during intentional radical surgery. Overall and disease 
free survival as well as treatment related toxicity were taken into account. Chapter 4 
reports the results of recurrences and survival after radical surgery as described 
by Okabayashi for bulky (> 4 cm, FIGO stage IB2), early stage cervical cancer. 
Furthermore a literature search was performed to analyze our data in the context 
of findings from the literature.

PART II – LONG-TERM MORBIDITY AND QUALITY OF LIFE IN CERVICAL 
CANCER SURVIVORS

The second part of this thesis describes the downside of favourable oncological 
outcomes for treatment of early stage cervical cancer in terms of morbidity 
and QoL. Both radical surgery as well as (primary/adjuvant) radiotherapy are 
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discussed. In Chapter 5, results of a study on pelvic floor symptoms and QoL are 
outlined. Morbidity after radical hysterectomy as described by Wertheim-Meigs 
was compared to effects of the more radical Wertheim-Okabayashi hysterectomy. 
Chapter 6 describes an observational cross sectional cohort study concerning 
morbidity and treatment related QoL in patients primary treated with a radical 
hysterectomy (followed by adjuvant radiotherapy in case of poor prognostic 
pathological findings) compared which those after primary chemo-radiotherapy. 

PART III – PELVIC ANATOMY

The Okabayashi variant of the Wertheim radical hysterectomy, differs from the 
Meigs variant mainly by a more radical resection of the posterior VUL. In order 
to better understand the favourable outcomes in recurrence and survival of the 
Wertheim-Okabayashi technique in relation to the surgically induced morbidity, we 
conducted an anatomical study on a developmental series of human fetal pelves 
focussing on the anatomy of autonomic nerves and lymphatic pathways around the 
cervix. Chapter 7 describes the lymphatic drainage pathways of the cervix uteri in 
the vesico-uterine ligament and its relation to the nerves deriving from the inferior 
hypogastric plexus. In Chapter 8 we studied the 3-dimensional anatomy of the 
vesico-uterine ligament related to the distal ureter and describe the implications 
for radical hysterectomy. 
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ABSTRACT
Objective

To describe the pattern of recurrence and survival related to prognostic variables, 
including type of surgery as a clinical variable, in patients surgically treated for early 
stage cervix cancer.  

Methods

Records of 2124 patients who underwent a radical hysterectomy for FIGO stage 
I/IIA cervical cancer between 1982 and 2011 were reviewed. Clinical-pathologic 
prognostic variables, also including extent of parametrectomy were identified and 
used in a multivariable Cox proportional hazard model to explore associations 
between disease free survival (DFS) and prognostic variables. 

Results

The 5-year DFS for the total group was 86%. Large tumour diameter, non-squamous 
histology, lymph node metastases, parametrial involvement, lymph vascular space 
invasion (LVSI), deep stromal invasion and less radical surgery were independent 
poor prognostic variables for survival. DFS was independently associated with the 
type of RHL in favour of more radical parametrectomy (HR 2.0; 95%CI 1.6 – 2.5). 
This difference was not found in tumours ≤20 mm. 

Conclusions

This study confirms that variables such as large tumour diameter, non-squamous 
histology, LVSI, deep stromal invasion, positive lymph nodes and parametrial 
infiltration are poor prognostic variables in early stage cervix cancer treated by 
surgery. The extent of parametrectomy had no influence on survival in tumours 
≤20 mm. For larger tumours, a more radical hysterectomy might be associated 
with better DFS. Taking into account the possible bias in this study as a result of 
its retrospective design, ideally a prospective cohort study with clear definition of 
radicality is necessary in order to answer this important clinical question. 
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INTRODUCTION
For women with cervical cancer clinically confined to the cervix and upper vagina 
(International Federation of Gynaecology and Obstetrics (FIGO) stage IB/IIA), radical 
hysterectomy with pelvic lymphadenectomy (RHL) is considered the standard 
treatment. This results in a 75%-95% five year disease free survival depending on 
the presence of specific prognostic variables (1). Over the years the clinical and 
pathological variables that impact on survival have been evaluated extensively. Pre-
treatment variables such as tumour diameter and clinical stage influence prognosis, 
reflected by incorporation of these variables in the clinical FIGO staging system 
(2). There is discussion about other pre-treatment variables such as histological 
subtype, where some find non-squamous subtypes to be poor prognostic variables 
while others refute this (3-6). Because the FIGO staging system is based on 
clinical examination, important pathological prognostic variables such as depth of 
invasion (DOI), lymph vascular space invasion (LVSI), lymph node metastases and 
parametrial infiltration, while having impact on the survival, are not incorporated 
in the staging. Apart from characteristics of the tumour, differences in treatment 
(e.g. extend of resection of the parametrium, extend of lymph node dissection, 
indications for adjuvant therapy and type of adjuvant therapy) can potentially be 
important prognostic variables. With regard to type of surgery, various classification 
systems to define the radicality of the hysterectomy were proposed in order to 
compare treatment results (7-10). Regarding the extend of parametrectomy, the 
importance of resecting the posterior part of the vesico-uterine ligament (VUL) is 
topic of most debate. It may lead to morbidity such as impaired sexual functioning 
and bladder dysfunction due to damage of the extensive network of branches from 
the hypogastric plexus (11-16). 
The availability of well-organized databases in three large referral centers in the 
Netherlands made it possible to complete a large retrospective cohort study in 
more than 2000 patients who were treated for early stage cancer of the cervix. The 
aim of the study was to describe the pattern of recurrence and survival related to 
prognostic variables, including type of surgery, in a large retrospective cohort of 
patients surgically treated for early stage cervix cancer.   

METHODS
Patients

Patients with FIGO stage I/IIA who underwent a RHL between 1-1-1982 and 31-12-
2011 in three oncological referral hospitals from different regions in the Netherlands 
were included in the study. Staging was done according to FIGO guidelines (2). 
Data were collected from the institutional cancer databases and missing data were 
retrospectively abstracted from medical files. The following data were retrieved: 
age, time to follow up, FIGO stage, tumour diameter, histology, presence of LVSI, 
parametrial involvement, lymph node metastasis, DOI, state of vaginal resection 
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margin, adjuvant therapy, site of and time to recurrence and status at follow up. If 
histology was not squamous cell- (SCC), adeno- (AC) or adenosquamous carcinoma 
(ASC) or if time to follow up was less than 6 months, patients were excluded from 
the study. Clinical tumour diameters were used. If not available, the results of 
pathology reports were used. Surgical specimens were examined according to 
national guidelines by pathologists specialized in gynaecological oncology. 
Participating surgeons were asked to classify their radical hysterectomies over time 
according to the Leiden TNM-like classification in retrospect (figure 1) (10). In this 
classification, four surgical parametrial extensions (ventral, dorsal, lateral, caudal) 
are distinguished, the vesico-uterine ligament can be identified as V3. After this 
retrospective classification of type of radicality of the surgical procedure, patients 
were divided in 2 groups based on the extent of parametrectomy. In the less 
radical group (LR-RHL), parametrectomy was defined as resection including areas 
marked V1/L3/C1-2/D1-3. The more radical procedure (MR-RHL) included the 
areas marked as V2-3/L3/C2-3/D2. Pelvic lymphadenectomy consisted of removal 
of all fatty tissue from 3 different regions on both sides: along the common iliac 
vessels, the external and internal iliac vessels until the crossing of the circumflex 
vein caudally and the obturator fossa. Criteria for adjuvant radiotherapy were: 
lymph node- or parametrial involvement and positive surgical margins, completed 
with the Sedlis criteria (2 out of 3 of the following: tumour diameter > 40 mm, DOI 
> 15 mm or extensive LVSI in a subset of the cases) (17-19). Adjuvant radiotherapy 
consisted of external pelvic radiation of 46 Gray (Gy) in doses of 2 Gy with extended 
(para-aortic) fields in case of common iliac or para-aortal lymph node involvement. 
In patients with a combination of risk factors, external beam radiation was followed 
by vaginal brachytherapy of 10 Gy in patients with a combination of risk factors. 
From 2001, these patients also received concurrent Cisplatinum 40 mg/m2 once 
a week. Patients with an indication for extended field radiotherapy received 
Cisplatinum irrespective of risk factors. 
After treatment, patients were followed up to 5 years after treatment every 3 
months during the first year, every 6 months during the second/third year and 
once yearly thereafter. Routine follow-up included history taking and physical 
examination. In case of clinical suspicion of recurrent disease, diagnostic tests such 
as MRI or CT-scan, serum tumour marker(s), and/or biopsy were performed. 

Statistical analysis

All data were analyzed with use of SPSS, version 23.0 for Windows (SPSS Inc., 
Chicago, IL, USA). Patients were censored at 01-01-2013, at the date of last visit 
or at the time of death not related to the cervical cancer. Primary outcomes 
were disease free survival (DFS), defined as the interval between date of radical 
hysterectomy and date of recurrence or last follow-up visit and overall survival 
defined as the interval between date of radical hysterectomy and death or last 
follow-up visit. Some data were not available in the clinical files. If tumour diameter 
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was missing we defined it as ≤20 mm if after a diagnostic cone excision no tumour 
was found in the hysterectomy specimen. If infiltration depth was missing in 
patients with parametrial involvement, we defined depth of infiltration as >10 
mm. In all other cases, missing values for prognostic variables were replaced by 
multiple stochastic imputation based on the distribution amongst other variables 
in the dataset (20, 21). Patients’ and disease characteristics were described using 
standard descriptive statistics, i.e. means/standard deviations or medians/range 
for continuous data and frequencies/percentages for categorical data. Differences 
between both groups were analyzed using Chi-square (χ2) testing for categorical 
variables, Student’s t-test to compare means and a Wilcoxon-Mann-Whitney test 
to compare medians for time to follow up (FU). Univariable survival curves were 
created using the Kaplan-Meier method and compared with the log-rank test 
(22). Uni- and multivariable Cox proportional hazard models were used to explore 
associations between DFS and prognostic variables. The following variables were 
selected a priori for use in these models: tumour diameter, histology, lymph node 
status, parametrial involvement, LVSI, DOI, status of surgical margin and type of 
RHL. As an alternative to multivariable Cox regression analysis we also performed 
propensity scoring analysis to estimate the effect of type of RHL on DFS correcting 
for the confounding effects of tumour and patient characteristics on DFS. Survival 
analyses were performed for the total group of patients as well as for three tumour 
diameter subgroups (≤20 mm, 21-40 mm, >40 mm). For all statistical tests, a 
2-tailed P value of less than 0.05 was considered significant.

Figure 1. Surgical directions of the parametrium based on the Leiden TNM classification. Ventral (V) 1: superficial 
layer of VUL; V2: medial part of the deep layer of VUL; V3: lateral part of the deep layer of VUL. Lateral (L) 1: 
medial to the ureter; L2: between ureter and pelvic side wall; L3: until the pelvic side wall. Caudal (C) 1: above 
the ureter; C2: above the deep uterine vein; C3: underneath the deep uterine vein. Dorsal (D) 1: between the 
uterus and rectum; D2: at the anterior rectal border; D3: halfway the rectal circumference. Note: the ureter (U) 
passes through the lateral, ventral and upper caudal parametrium. The uterine artery (Ut.a.) runs in the lateral 
parametrium, whereas the deep uterine vein (D.v.) proceeds in the lateral and caudal parametrium. Ut: uterus, 
B: bladder, R: rectum
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RESULTS
A total number of 2124 patients were included in this retrospective cohort. Only 
218 (1.3%) data points were missing and subsequently imputed. Table 1 shows the 
patient and disease related characteristics after imputation. The 5-year DFS for the 
total group was 86%. Results of uni- and multivariable analysis for DFS are presented 
in Table 2. Univariable analysis showed that all variables, including type of RHL, had 
a statistically significant association with DFS. In the multivariable analysis, status 
of surgical margin was the only risk factor not associated with DFS. Kaplan Meier 
curves comparing DFS in the MR-RHL and LR-RHL group subdivided for tumour 
diameter (≤20 mm, 21-40 mm, > 40 mm) are presented in Figure 2.  Multivariable 
analysis of the data in the subgroups based on tumour diameter (Table 3) shows 
that in tumours ≤20 mm only LVSI and DOI >10 mm were independent poor 
prognostic factors. There was no significant difference between the MR-RHL and 
LR-RHL groups in this group of small tumours. For tumours 21-40 mm and >40 mm, 
more variables, including type of surgery were independent prognostic factors for 
DFS (Table 3).

DISCUSSION
This study describes one of the largest cohorts in early stage carcinoma of the 
cervix treated by radical hysterectomy with pelvic lymphadenectomy. Clinical and 
pathological variables such as large tumour diameter, non-squamous histology, 
lymph node metastases, presence of LVSI, deep stromal invasion and less radical 
surgery all showed an independent poor prognostic impact on disease free 
survival. This is not a surprise since many other smaller studies showed the same 
results for most of these variables (23, 24). Non-squamous histology, especially 
adenosquamous histology was an independent poor prognostic factor in this large 
group of early stage cervix cancers. This is an interesting finding because it can be 
identified preoperatively. Especially in the subgroup of patients with bulky tumours 
(> 40 mm), ASC was a strong independent predictor for DFS (HR 2.5, 95%CI 1.3 – 
4.8).  While some authors did not find ASC to be an independent poor prognostic 
variable, others only found ASC to be an independent predictive factor for stage II or 
higher but not for early stage  cervix cancer (3-5). In the latter studies low number 
of patients are reported while our series comprises a relatively large number of 
patients with ASC (n=99). A recently published large study with 321 patients with 
ASC also confirmed the independent poor prognostic impact on recurrence free 
survival of this histological subtype (6).  Further research studying targets for new 
therapies using molecular and genetic characteristics of patients with cervix cancer 
must therefore take into account these various histological subgroups. 
Interestingly “type of surgery” is not taken into account as prognostic factor in 
other series, but proved to be an independent prognostic variable in the total 
group of patients in this study. However, in patients with a tumour diameter ≤20 
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Table 1. Patient and disease related characteristics after imputation
* Mean (standard deviation); ^ Median (range); FU = time to follow up; mm = millimeter; SCC = squamous cell 
carcinoma; AC = adenocarcinoma; ASC = adenosquamous cell carcinoma; LVSI = lymph vascular space invasion

n = 2124

Age * 44 (12)

FU in months ^ 62 (6-356)

Tumour diameter (mm) n %

≤ 20 902 43

21-40 845 40

> 40 377 18

FIGO stage

IA 42 2

IB 1850 87

IIA 232 11

Histology

SCC 1500 71

AC 525 24

ASC 99 5

Lymph node involvement (yes) 425 20

Parametrial involvement (yes) 251 12

LVSI (yes) 881 41

Depth of invasion (mm)

≤ 5 641 30

6-10 616 29

>10 867 41

Positive surgical margins 124 6

Radiotherapy (yes) 718 34

Chemotherapy (yes) 157 7
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Figure 2. Kaplan Meier curves for disease free survival in tumour diameter subgroups
More radical vs. less radical surgery: ≤20 mm – 97% vs. 95% (p .348); 20-40 mm – 89% vs. 
79% (p <.001); >40 mm – 79% vs. 64% (p .004)

Table 2. Uni- and multivariable analysis for disease free survival
HR = hazard ratio; CI = confidence interval; SCC = squamous cell carcinoma; AC = adenocarcinoma; ASC = 
adenosquamous cell carcinoma; LNM = lymph node metastasis; PM = parametrial; LVSI = lymph vascular space 
invasion; SM = surgical margin; RHL = radical hysterectomy with pelvic lymphadenectomy; MR = more radical; 
LR = less radical

Univariable Multivariable

HR 95% CI p HR 95% CI p

Tumour diameter (mm) ≤ 20 ref

21-40 3.5 2.5 – 5.0 <.001 1.9 1.3 – 2.8 <.001

> 40 6.6 4.7 - 9.4 <.001 2.8 1.9 – 4.1 <.001

Histology SCC ref

AC 1.1 0.8 – 1.4 .694 1.6 1.2 – 2.1 .001

ASC 2.1 1.4 – 3.1 <.001 2.3 1.5 – 3.4 <.001

LNM (yes) 3.8 3.0 – 4.7 <.001 1.9 1.5 – 2.5 <.001

PM involvement 3.2 2.5 – 4.2 <.001 1.7 1.3 – 2.3 <.001

LVSI 2.5 2.0 – 3.2 <.001 1.4 1.1 – 1.9 .006

Depth of invasion (mm) ≤ 5 ref

6-10 2.9 1.9 – 4.5 <.001 2.0 1.3 – 3.2 .002

>10 6.2 4.1 – 9.2 <.001 2.5 1.6 – 3.9 <.001

SM positive 2.8 2.0 – 3.9 <.001 1.3 0.9 – 1.8 .179

Type of RHL MR ref

LR 2.0 1.6 – 2.5 <.001 2.0 1.6 – 2.5 <.001
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mm, less radical surgery, meaning less extensive parametrectomy, did not result in 
a worse oncological outcome. Over the last 15 years several retrospective series 
showed a very low incidence of parametrial involvement of less than 1% in small 
tumours (≤20 mm) with low risk features (25-27). This resulted in a debate about 
the importance of removing the parametrium in small tumours and finally lead 
to the randomised controlled SHAPE trial (NCT 01658930), where patients with 
tumours ≤20 mm are randomized between a simple hysterectomy and pelvic node 
dissection or a radical hysterectomy with pelvic lymphadenectomy (28). Despite 
the outcome of our study, endorsing perhaps a less radical approach for small 
tumours, a prospective study such as the SHAPE trial will be the only way to provide 
true evidence for the hypothesis that removal of the parametrium can be safely 
omitted in these smaller tumours. 
While less radical surgery had no significant negative impact on DFS in small 
tumours in our study, we found the opposite for tumours >20 mm. More radical 
surgery resulted in a significantly better disease free survival in the latter group.  
This is in line with a study by Biewenga et al. in which 12 existing prognostic models 
were validated in a population of patients who underwent a more radical type of 
RHL (Okabayashi variant). In prognostic unfavourable tumours (e.g. large tumours, 
lymph node metastases), 10 out of 12 prognostic models underestimated DFS in 
this more radical treated group of patients (29). This suggests that more radical 
surgery might be beneficial in case of tumours with large diameter. The latter 
finding is in contrast with two randomized controlled trials addressing the influence 
of radicality of the surgery on outcome (30, 31). Patients with stage IB/IIA cervix 
cancer were randomized between a Piver type II versus III radical hysterectomy and 
patients with a stage IB1/IIA1 were randomized between a Piver type I versus III. A 
more radical type of hysterectomy did not result in a better survival in both studies. 
In the latter study only a subgroup of patients with larger tumours showed a worse 
survival after less radical surgery. Unfortunately both studies reported a high rate 
(up to 69%) of adjuvant radiotherapy, especially in the less radically operated (Piver 
1) group. Because theoretically a high rate of adjuvant radiotherapy can compensate 
for less radical surgery, the true effect of the surgical radicality can therefore not be 
reliably assessed in these RCT’s, and does not give a definite answer in this debate.
In the discussion on pros and cons of radicality of surgery there are two other 
factors that must be kept in mind. More extensive removal of the parametrium, 
especially the posterior VUL containing the hypogastric nerves running to the 
bladder, induces significantly more urinary dysfunction, although not significantly 
influencing quality of life, as was found when subgroups of the cohort described 
in this study were compared (11, 14, 32). On the other hand, more radical surgery 
might decrease the need for adjuvant radiotherapy resulting in less radiotherapy 
related side effects (19, 33). This latter issue is especially important in the debate 
about primary surgery or primary (chemo-)radiotherapy in stage IB2 cervix 
cancer, where many studies are published reporting a very high rate of adjuvant 
radiotherapy (34-37). This combination may result in increased complication rates 
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and morbidity resulting in the suggestion of many authors not to recommend 
primary surgery but primary chemo-radiotherapy. However in published reports of 
a subgroup of patients in the here presented cohort, primary surgery with tailored 
adjuvant (chemo-)radiotherapy does not result in significantly more morbidity 
compared with primary (chemo-)radiotherapy (33, 38).  
Our study has important limitations. It speaks for itself that the retrospective 
character of the study can have inherent confounding. In the first place, recall bias 
could have had influence on the outcome. In order to compare 2 groups based 
on surgical techniques, we used the Leiden TNM-like classification and asked 
the participating surgeons in retrospect to classify their radical hysterectomies 
according to this classification. Especially since the study was performed over a 
long time period (30 years) and techniques changed over the years in some of the 
participating institutes, recall bias could impact the results. In the second place, 
although some differences in prognostic factors were seen between the more 
and less extensive operated groups, the frequency of positive nodes, considered 
to be the most important prognostic factor, was not different (data not shown). 
Furthermore, the large sample size enabled a correction for all these important 
prognostic factors in a multivariable model, substantiating the independent 
predictive value of radicality of surgery. Finally since inclusions of patients took place 
over a period of 30 years, the results might be confounded by changes in treatment 
strategies (other than surgical technique) over time. Introduction of concomitant 
chemotherapy and radiotherapy after the year 2000 occurred in all centres. To 
evaluate the effect of concomitant chemotherapy, the multivariable Cox regression 
analysis was performed for patients treated before and after the year 2000 and did 
not show any differences compared to the analysis for the total group (data not 
shown). Therefore we feel that chemotherapy might not be a factor influencing 
outcome in the current study, although significantly more chemotherapy was 
administered in the more radical surgery group (data not shown). 
The present study confirms the independent prognostic impact of pathological 
and clinical variables such as tumour diameter, parametrial involvement, DOI, 
histological subtype, positive lymph nodes and LVSI. As one of the few pre-
operative available tumour characteristics, non-squamous histology and especially 
ASC carried a significantly worse prognosis, independent of other well-known 
factors such as positive lymph nodes. The finding that a less radical Wertheim 
hysterectomy might have no or less negative impact in small tumours but does 
have a significant negative impact on survival in tumours > 2 cm is interesting but 
could be due to recall bias, since assignment to the less or more radical group 
was done retrospectively. The true answer must come from prospective studies 
such as the SHAPE study for the group with small tumours. For larger tumours and 
tumours with more unfavourable characteristics, ideally a prospective randomized 
trial must be performed where patients will be randomized between two detailed 
standardized surgical procedures, with strict criteria for adjuvant radiotherapy. 
Quality of life should be an important endpoint for such a study.   
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ABSTRACT
Introduction

Management regarding completing hysterectomy in case of intra-operative finding 
of positive lymph nodes in early stage cervical cancer differs between institutions. 
The aim of this study was to compare survival and toxicity after completed 
hysterectomy followed by adjuvant (chemo-) radiotherapy versus abandoned 
hysterectomy and primary treatment with chemo-radiotherapy.

Methods

A retrospective multicenter cohort study was performed. All patients were 
scheduled for radical hysterectomy with pelvic lymphadenectomy (RHL). In the RHL 
group, hysterectomy was completed followed by adjuvant (chemo-)radiotherapy. 
In the second group hysterectomy was abandoned and chemo-radiotherapy (CRT) 
was conducted. Primary outcomes were disease-free (DFS) and overall survival 
(OS). A multivariable analysis on DFS was performed. Toxicity was scored according 
to the NCI CTCAE v 4.0.3.

Results

A total of 121 patients were included (89 RHL/32 CRT). There was no difference 
in OS (84% vs. 77%). Five year DFS was in favor of completing RHL (81% vs. 67%). 
Multivariable analysis showed that, corrected for lymph node variables, treatment 
regimen was not associated with DFS. After RHL, pelvic recurrence rate was 
significant lower compared to CRT (2% vs 16%). CTCAE grade 3-4 toxicity rates 
were higher in the CRT compared to the RHL group (59% vs. 30%), mainly due to 
differences in chemotherapy related hematologic toxicity. 

Conclusion

In patients with clinically N0 early stage cervical cancer with intra-operative 
detection of positive nodes, completing RHL followed by adjuvant (chemo-)
radiotherapy may result in a better pelvic control compared to abandoning 
hysterectomy and treatment with chemo-radiotherapy. However, if corrected for 
lymph node variables, treatment (RHL or CRT) was not associated with DFS. 
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INTRODUCTION
For FIGO (International Federation of Gynaecology and Obstetrics) stage IB/IIA 
cervical cancer, radical hysterectomy with pelvic lymphadenectomy (RHL) and 
chemo-radiotherapy (CRT) are treatment options with equal 5-year overall survival 
rates between 75-90% (1-3). Lymph node metastases occur in 15-25% of the 
cases and are the most important predictor for survival (4). In most centers, RHL 
is the treatment of choice, followed by adjuvant (C)RT when final histopathology 
results show poor prognostic tumor characteristics. Benefits of surgical treatment 
are the possibility to preserve ovarian function and better sexual outcome in 
the predominantly pre-menopausal group of patients. Controversy exists about 
whether the radical hysterectomy should be completed or abandoned when 
positive lymph node(s) are discovered by frozen section of enlarged or sentinel 
nodes (5). The main argument for abandoning RHL is to avoid morbidity, such as 
urinary-, bowel- and sexual dysfunction, caused by multimodality treatment (1, 6). 
Another reason might be that delivering radiotherapy with the uterus in-situ is 
more effective in covering the parametrial region (7). In contrast, completing RHL 
in lymph node positive patients may result in better pelvic control (7-9). 
In the Netherlands both treatment approaches regarding completing or abandoning 
hysterectomy in early stage cervical cancer with positive nodes are adopted. The 
aim of this study was to compare the outcome for both strategies in terms of pelvic 
control, disease-free survival and treatment related adverse events. We conducted 
a retrospective study comparing different policies regarding completing the RHL 
for FIGO stage IB/IIA lymph node positive cervical cancer. 

METHODS
A retrospective cohort study was performed in the Academic Medical Center,  Free 
University Medical Center and Antoni van Leeuwenhoek – Netherlands Cancer 
Institute (currently joined in the Centre for Gynaecologic Oncology Amsterdam). 
All patients were treated between January 2000 and December 2010. Inclusion 
criteria were: FIGO stage IB/IIA cervical cancer with lymph node involvement, no 
suspicious bulky (>2cm) lymph nodes on MRI-/(PET) CT-scan. Planned surgery was 
a RHL with or without sentinel node (SN) procedure. The choice for continuing 
or abandoning radical hysterectomy was mainly center-based. Two treatment 
regimens were followed: 1. RHL was scheduled and when positive nodes were found 
on frozen section (either SN or suspect/enlarged nodes) a pelvic lymphadenectomy 
or lymph node debulking was performed, radical hysterectomy was abandoned 
and patients were treated with CRT; 2. RHL was performed, independent of lymph 
node status, followed by adjuvant (C)RT after final histopathology results showed 
positive lymph node(s). If treatment comprised RHL, a Wertheim-Meigs/Rutledge 
type III procedure or RHL as described by Okabayashi was performed (10-12). 
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Pelvic lymphadenectomy consisted of removal of all fatty tissue from 6 different 
regions: (1) along the common iliac vessels, (2) the external and internal iliac 
vessels until the crossing of the circumflex vein caudally and the (3) obturator fossa, 
both ventral and dorsal of the obturator nerve. In selected patients with either 
positive common iliac nodes or suspicious para-aortic (PAO) nodes on palpation, 
a PAO lymph node sampling or debulking was performed respectively. Radical 
hysterectomy specimens were examined on a routine basis by pathologists with 
special gynecological interest. Adjuvant radiotherapy consisted of external beam 
radiotherapy, 46 Gray (Gy) in 2 Gy fractions to the pelvis with extended (para-aortic) 
fields in case of common iliac or PAO lymph node involvement and a sequential 
boost to the positive lymph nodes to 60 Gy. Patients with more than one risk factor 
were treated with radiotherapy and concurrent chemotherapy (Cisplatinum 40 
mg/m2 once a week). Risk factors in this respect were adenocarcinoma, lymph 
node metastases, and parametrial involvement. These patients also received an 
additional brachytherapy boost of 10 Gy (Pulsed Dose Rate) to the vaginal vault. 
Primary chemo-radiotherapy consisted of external beam radiotherapy to the pelvis 
(46 Gy in 2 Gy fractions) with extended (para-aortic) fields in case of common iliac 
or PAO lymph node involvement and a sequential boost to the positive lymph 
nodes to 60 Gy. Radiotherapy was combined with weekly concurrent Cisplatinum 
40 mg/m2. External radiotherapy was followed by intracavitary brachytherapy to a 
minimal tumor total dose of 75 Gy. 
Follow up was carried out every 3 months during the first year, every 6 months 
during the second/third year and yearly up to 5 years after treatment according 
to national guidelines. Follow up consisted of a detailed history and gynecological 
examination. When there was a clinical suspicion of recurrent disease, MRI or CT-
scan and biopsy were performed.
The following data were retrieved from the database, patient files, and pathology 
reports: age, date of last follow-up (FU), FIGO stage, tumor diameter, histology, 
parametrial involvement, adjuvant therapy, site of recurrence (pelvic/distant) and 
status at last FU. Clinical tumor diameters were used and if not available pathological 
diameters. Toxic treatment effects were assessed and graded according to the 
National Cancer Institute Common Terminology Criteria for Adverse Events (NCI 
CTCAE) v 4.0.3 (13). The CTCAE toxicity was graded from 0 (absence of toxic effects) 
to 5 (death related to toxic effects). Severe toxicity (≥ grade 3) was scored.

Data analysis

Descriptive statistics were used to present the demographic and disease-related 
variables. Significance of differences between both groups was calculated using 
Chi-square (χ2) testing for categorical variables and Student’s t-test to compare 
means. Since the number of lymph nodes was not normally distributed, a Wilcoxon-
Mann-Whitney test was used to compare medians for these variables. Primary 
outcomes were disease free survival (DFS), defined as the interval between date 
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of treatment and date of recurrence or last follow-up visit and overall survival 
(OS). First, a univariable Kaplan-Meier survival analysis with log rank testing was 
performed to describe survival and determine the significance of the difference 
in treatment modality (RHL or CRT) (14). Second, a multivariable Cox proportional 
hazard analysis was performed to explore associations between DFS, treatment 
and lymph node variables. The following variables were used: total number of 
removed lymph nodes, number of positive lymph nodes, positive common iliac/
PAO lymph nodes and treatment modality. For all statistical tests, a 2-tailed P value 
of less than 0.05 was considered significant. All data were analyzed with use of 
SPSS, version 23.0 for Windows (SPSS Inc., Chicago, IL, USA).

RESULTS
A total of 121 patients with FIGO stage IB/IIA cervical cancer and positive lymph 
nodes were included in this study. Table 1 shows patient- and disease related 
characteristics. Patients were divided in two groups based on treatment modality. 
Eighty nine patients were treated with RHL and adjuvant (C)RT versus 32 patients 
in the CRT group in which radical hysterectomy was aborted. In the RHL group all 
patients underwent a complete pelvic lymphadenectomy, whereas in the CRT group 
the lymphadenectomy was completed in 78% of the cases and in the other 15 cases 
a lymph node debulking of suspicious nodes was performed. Significantly more 
lymph nodes were removed in the RHL group compared to the CRT group (p .001). 
The number of positive lymph nodes differed, with more positive lymph nodes in 
the CRT group (p .014). In 6 patients (5%) PAO lymph nodes were sampled, mainly 
(4/6) because of enlarged nodes on palpation. In the CRT group more patients had 
positive lymph nodes in the common iliac of PAO region (p .015). There were no 
differences in removed number of bulky (>2cm) lymph nodes between the groups. 
Brachytherapy and chemotherapy were more frequently administered in the CRT 
group (p <.001 resp. p.002). 
Figure 1 shows univariable Kaplan Meier curves of the survival analyses. The 5-years 
OS was 84% in the RHL group and 77% after CRT (log rank p .298). Five-years DFS 
after RHL was 81% compared to 67% after CRT (log rank p .034). Recurrences 
appeared to be more pelvic in the CRT group compared to the RHL group (16% vs. 
2%). Time to recurrence was longer after RHL (p .011). 
The outcome of the multivariable Cox proportional hazard analysis is presented in 
Table 2. Treatment modality (RHL or CRT), adjusted for lymph node characteristics, 
was not associated with DFS. Total number of removed lymph nodes showed a 
statistically significant effect on DFS (HR 1.0; 95% CI 0.9–1.0). Table 3 demonstrates 
treatment toxicity scores. In the CRT group more grade 3 and 4 toxicity was 
reported (p .006). Especially hematologic toxicity (anemia, leukopenia, and 
thrombocytopenia) was more frequently found in patients treated with CRT (53% 
versus 17%).

  3
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DISCUSSION
This study shows a better pelvic control after completed RHL compared to CRT after 
abandoned RHL for early stage lymph node positive cervical cancer. The difference 
we found for DFS in univariable survival analysis was not found in the multivariable 
analysis when corrected for lymph node status.  
There are no randomized controlled trials among all studies discussing the topic 
of continuing or aborting RHL in case of finding positive lymph node(s) during 
radical hysterectomy for early stage cervical cancer. Only four studies directly 
compared patients after completed RHL with those after abandoned RHL (8, 15-
18). The largest study is a retrospective study from the SEER database in which 163 
cases of completed RHL were compared with 55 cases of abandoned RHL (18). No 
differences in OS or DFS were identified. There are noteworthy differences between 
our study and the SEER data. First, patients in the SEER study could have had a 
less radical hysterectomy while in our study a type III radical hysterectomy was 
performed, possibly resulting in a better local control. Unfortunately, data on sites 
of recurrence are not available in the SEER study.  A second important difference 
is the somewhat low number of adenocarcinoma’s (AC) and adeno-squamous 
carcinoma’s (ASC) in the SEER study compared to our study (20% vs. 27%). Some 
authors suggest that primary surgery is a better treatment for AC/ASC compared 
to radiotherapy (1, 19). This could mean that completing radical surgical treatment 
may have a greater impact on recurrence and survival in a group with a relatively 
greater number of these histological types. Our absolute numbers of cases with 
AC/ASC were too small for a valid subgroup analysis.
The limitation of the retrospective design of this study should be addressed and may 
have created selection bias. The differences in lymph node characteristics between 
the groups is clearly presented in Table 1. Despite the multivariable analysis, in 
which we adjusted for some of these differences in lymph node characteristics, we 
were not able to correct for more than 3 lymph node variables due to group sizes. 
And although not reaching statistically significance in the multivariable analysis, 
the presence of common iliac/PAO lymph node metastasis tend to be an important 
difference between these two groups (HR 2.5 (95% CI 1.0 – 6.5).  A second limitation 
is the fact that the used techniques for applying radiotherapy in our cohort might 
be somewhat outdated. Radiotherapy techniques has been improved in the last 
years, leading to less morbidity and higher pelvic control rates with a 5-years pelvic 
control of 94% for stage IB/IIA disease (20). 
Differences between the two groups may reflect the result of physician preference 
for treatment strategy in lymph node positive stage IB/IIA cervical cancer. After 
finding positive lymph nodes during surgery (by SN-procedure or frozen section 
of suspected node) the approach differed between centres. In case of abandoning 
radical hysterectomy, sometimes pelvic lymphadenectomy was completed, but 
in other cases (substantial blood loss, high BMI, technically difficult procedure) 
surgical treatment was immediately stopped or only enlarged lymph nodes were 
removed. Several studies described a beneficial effect of completing the pelvic/
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Table 1. Demographic and disease-related characteristics 
(in numbers (n) with % unless indicated with *) RHL = radical hysterectomy with pelvic lymphadenectomy; CRT = 
primary chemo-radiotherapy; FIGO = International Federation of Gynaecology and Obstetrics; SCC = squamous 
cell carcinoma; AC = adenocarcinoma; ASC = adenosquamous carcinoma; NA = not applicable; PAO = para-
aortal; * mean (standard deviation; ^ median (range)

RHL
n = 89

CRT
n = 32

p-value

n (%) n (%)

Age (years) * 44 (11) 44 (12) .589

Time to follow up (months) * 49 (27) 43 (27) .961

FIGO-stage IB 78 (88) 31 (97) .180

IIA 11 (12) 1 (3)

Tumourdiameter ≤4cm 68 (76) 25 (78) 1.000

>4cm 21 (24) 7 (22)

Histology SCC 64 (72) 25 (78) .319

AC 19 (21) 7 (22)

ASC 6 (7) -

Parametrial involvement (yes) 44 (50) NA

Chemotherapy (yes) 69 (78) 32 (100) .002

Brachytherapy (yes) 51 (57) 32 (100) <.001

Total number of removed nodes^ 27 (7-54) 18 (3-46) .001

Number of removed nodes ≤ 15 11 (12) 11(34) .004

16-30 41 (46) 16 (50)

> 30 37 (42) 5 (16)

Total number of positive nodes^ 2 (1-6) 2 (1-23) .014

Bilateral positive nodes 24 (27) 16 (50) .027

Common iliac or PAO positive nodes 8 (9) 9 (28) .015

Bulky positive nodes (yes) 33 (37) 16 (50) .215

No recurrence 75 (84) 22 (69) .073

Pelvic 2 (2) 5 (16) .014

Distant 12 (14) 5 (16) 1.000

Time to recurrence (months) ^ 18 (4-38) 11 (4-29) .0.11

  3
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Table 2. Multivariate Cox proportional hazard analysis for disease free survival
HR = hazard ratio; CI = confidence interval; ref = reference

HR 95% CI p

Total number of removed nodes 1.0 0.9 – 1.0 .028

Total number of positive 1.1 1.0 – 1.2 .063

Common Iliac/PAO positive nodes 2.5 1.0 – 6.5 .060

Treatment (RHL = ref) 1.3 0.5 – 3.1 .659

Table 3. Treatment related toxicity (in numbers (n) with %)
RHL = radical hysterectomy with pelvic lymphadenectomy; CRT = primary chemo-radiotherapy; CTCAE = 
Common Terminology Criteria for Adverse Events

RHL
n = 89

CRT
n = 32

p-value

n (%) n (%)

CTCAE grade ≥ 3 toxicity (yes) 27 (30) 19 (59) .006

Blood 15 (17) 17 (53)

Gastrointestinal 7 (8) 1 (3)

Renal 4 (4)

Lymphatics 1 (3)

Dermatological 1 (1)

Haemorrhage 1 (3)

Hepatic 2 (6)

Pain 1 (1)

Figure 1. Left: overall survival (OS); Right: disease free survival (DFS) 
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PAO lymphadenectomy on both recurrence and survival (21-28). Therefore it is not 
sure if the better pelvic control in the RHL group is only caused by completing the 
radical hysterectomy or if this is the result of a less thorough lymphadenectomy in 
the CRT group, or a combination of both. 
The present study shows CRT to result in a higher (grade 3-4) toxicity rate compared 
to RHL followed by adjuvant (C)RT, due to a higher percentage of hematologic 
toxicity in the group. This difference is likely caused by the difference in rate of 
patients who received chemotherapy (RHL 78%, CRT 100% (p<.001)). Interesting 
is the percentage of severe gastro-intestinal morbidity in the RHL group (8%). 
Of these 7 patients, 4 were admitted because of radiation enteritis and 3 others 
underwent surgical resection of impaired small bowel. A possible explanation is 
that after hysterectomy, small bowel adheres to the vaginal vault, resulting in a high 
dose radiotherapy on this immobilized small bowel. As all other published studies 
regarding the topic of completing or abandoning RHL, we have no information 
on patient-reported long term quality of life (QoL). Hazewinkel et al showed that 
women treated with primary chemo-radiotherapy for cervical cancer report 
more pelvic floor symptoms and distress compared to women who underwent 
primary surgical treatment (RHL) with or without adjuvant radiotherapy (29). In 
a recent published study concerning morbidity and QoL after primary surgical or 
(chemo-)radiotherapy for early stage cervical cancer we also described impaired 
social functioning, less sexual enjoyment and higher symptom experience scores 
after primary (chemo-)radiotherapy compared to patients with adjuvant (C)RT 
(30). Although we did not report details about postoperative complications of the 
radical hysterectomy in this study, it is clear that severe bowel problems resulting 
from radiation enteritis are related to the surgery. On the other hand, as discussed 
above, increased pelvic floor symptoms such as faecal incontinence are definitely 
more frequent after primary radiotherapy.     
In conclusion, this study suggests that completing, in contrast to abandoning, 
the radical hysterectomy with pelvic lymphadenectomy in patients with clinically 
N0 FIGO stage IB/IIA cervical cancer and detection of positive lymph nodes 
during surgery, may result in a better pelvic control compared to abandoning 
RHL. However, the benefit found for DFS might be due to selection bias, since 
the CRT group consists of patients with worse lymph node characteristics. The 
study supports conclusions drawn from previous retrospective studies that a well 
powered randomized controlled trial is needed to compare both oncological as 
well as QoL outcomes for the preferred treatment of lymph node positive early 
stage cervical cancer. 

  3



CHAPTER 3

52

REFERENCES
1. Landoni F, Maneo A, Colombo A, Placa F, 

Milani R, Perego P, et al. Randomised study 
of radical surgery versus radiotherapy 
for stage Ib-IIa cervical cancer. Lancet. 
1997;350(9077):535-40.

2. Green J, Kirwan J, Tierney J, Vale C, 
Symonds P, Fresco L, et al. Concomitant 
chemotherapy and radiation therapy for 
cancer of the uterine cervix. Cochrane 
Database Syst Rev. 2005(3):Cd002225.

3. Quinn MA, Benedet JL, Odicino F, 
Maisonneuve P, Beller U, Creasman 
WT, et al. Carcinoma of the cervix uteri. 
FIGO 26th Annual Report on the Results 
of Treatment in Gynecological Cancer. 
International journal of gynaecology 
and obstetrics: the official organ of the 
International Federation of Gynaecology 
and Obstetrics. 2006;95 Suppl 1:S43-103.

4. Whitney CW, Stehman FB. The abandoned 
radical hysterectomy: a Gynecologic 
Oncology Group Study. Gynecologic 
oncology. 2000;79(3):350-6.

5. Garg G, Shah JP, Toy EP, Field JB, Bryant 
CS, Liu JR, et al. Intra-operative detection 
of nodal metastasis in early stage cervical 
cancer: a survey of the practice patterns 
of SGO members. Gynecologic oncology. 
2011;121(1):143-7.

6. Barter JF, Soong SJ, Shingleton HM, Hatch 
KD, Orr JW, Jr. Complications of combined 
radical hysterectomy-postoperative 
radiation therapy in women with early 
stage cervical cancer. Gynecologic 
oncology. 1989;32(3):292-6.

7. Heller PB, Lee RB, Leman MH, Park RC. 
Lymph node positivity in cervical cancer. 
Gynecologic oncology. 1981;12(3):328-35.

8. Suprasert P, Srisomboon J, Charoenkwan K, 
Siriaungul S, Khunamornpong S, Siriaree S, 
et al. Outcomes of abandoned radical 
hysterectomy in patients with stages IB-
IIA cervical cancer found to have positive 
nodes during the operation. International 
journal of gynecological cancer : official 
journal of the International Gynecological 
Cancer Society. 2005;15(3):498-502.

9. Bortolozzi G, Rossi F, Mangioni C, Candiani 
GB. A contribution to the therapy of 
cervicocarcinoma: remarks on 40 patients 

presenting paraaortic metastases (1970-
1979). European journal of gynaecological 
oncology. 1983;4(1):9-12.

10. Piver MS, Rutledge F, Smith JP. Five classes 
of extended hysterectomy for women with 
cervical cancer. Obstetrics and gynecology. 
1974;44(2):265-72.

11. Samlal RAKvdV, J.;  Ketting, B.W.; González 
González, D.;  ten Kate, F.J.W.; Hart, 
A.A.M.; Lammes, F.B. . Disease-free 
interval and recurrence pattern after the 
Okabayashi variant of Wertheim’s radical 
hysterectomy for stage IB and IIA cervical 
carcinoma. International Journal of 
gynecological cancer. 1996;6(2):120-7.

12. Meigs JV. The radical operation for cancer 
of the cervix. The American journal of 
roentgenology and radium therapy. 
1947;57(6):679-84.

13. http://evs.nci.nih.gov/ftp1/CTCAE/About.
html.

14. Kaplan ELM, P. Nonparametric estimation 
from incomplete observations. J Amer 
Statist Assn. 1958;53(282):457-81.

15. Garg G, Shah JP, Liu JR. Should radical 
hysterectomy be aborted on intraoperative 
detection of nodal tumor metastasis in 
early stage cervical cancer? Journal of lower 
genital tract disease. 2010;14(4):374-81.

16. Potter ME, Alvarez RD, Shingleton 
HM, Soong SJ, Hatch KD. Early invasive 
cervical cancer with pelvic lymph 
node involvement: to complete or not 
to complete radical hysterectomy? 
Gynecologic oncology. 1990;37(1):78-81.

17. Bremer GL, van der Putten HW, 
Dunselman GA, de Haan J. Early stage 
cervical cancer: aborted versus completed 
radical hysterectomy. European journal of 
obstetrics, gynecology, and reproductive 
biology. 1992;47(2):147-51.

18. Richard SD, Krivak TC, Castleberry A, 
Beriwal S, Kelley JL, 3rd, Edwards RP, et 
al. Survival for stage IB cervical cancer 
with positive lymph node involvement: a 
comparison of completed vs. abandoned 
radical hysterectomy. Gynecologic 
oncology. 2008;109(1):43-8.



53

LYMPH NODE METASTASES: COMPLETING OF ABANDONING RADICAL HYSTERECTOMY

19. Hong JH, Tsai CS, Wang CC, Lai CH, Chen 
WC, Lee SP, et al. Comparison of clinical 
behaviors and responses to radiation 
between squamous cell carcinomas 
and adenocarcinomas/adenosquamous 
carcinomas of the cervix. Chang Gung 
medical journal. 2000;23(7):396-404.

20. Sturdza A, Potter R, Fokdal LU, Haie-Meder 
C, Tan LT, Mazeron R, et al. Image guided 
brachytherapy in locally advanced cervical 
cancer: Improved pelvic control and 
survival in RetroEMBRACE, a multicenter 
cohort study. Radiotherapy and oncology 
: journal of the European Society for 
Therapeutic Radiology and Oncology. 
2016;120(3):428-33.

21. Downey GO, Potish RA, Adcock LL, Prem 
KA, Twiggs LB. Pretreatment surgical 
staging in cervical carcinoma: therapeutic 
efficacy of pelvic lymph node resection. 
American journal of obstetrics and 
gynecology. 1989;160(5 Pt 1):1055-61.

22. Potish RA, Downey GO, Adcock LL, 
Prem KA, Twiggs LB. The role of surgical 
debulking in cancer of the uterine cervix. 
International journal of radiation oncology, 
biology, physics. 1989;17(5):979-84.

23. Kenter GG, Hellebrekers BW, Zwinderman 
KH, van de Vijver M, Peters LA, 
Trimbos JB. The case for completing 
the lymphadenectomy when positive 
lymph nodes are found during radical 
hysterectomy for cervical carcinoma. Acta 
obstetricia et gynecologica Scandinavica. 
2000;79(1):72-6.

24. Hacker NF, Wain GV, Nicklin JL. Resection 
of bulky positive lymph nodes in patients 
with cervical carcinoma. International 
journal of gynecological cancer : official 
journal of the International Gynecological 
Cancer Society. 1995;5(4):250-6.

25. Cosin JA, Fowler JM, Chen MD, Paley 
PJ, Carson LF, Twiggs LB. Pretreatment 
surgical staging of patients with cervical 
carcinoma: the case for lymph node 
debulking. Cancer. 1998;82(11):2241-8.

26. Pieterse QD, Kenter GG, Gaarenstroom 
KN, Peters AA, Willems SM, Fleuren GJ, 
et al. The number of pelvic lymph nodes 
in the quality control and prognosis of 

radical hysterectomy for the treatment 
of cervical cancer. European journal of 
surgical oncology : the journal of the 
European Society of Surgical Oncology 
and the British Association of Surgical 
Oncology. 2007;33(2):216-21.

27. Morice P, Castaigne D, Pautier P, Rey A, 
Haie-Meder C, Leblanc M, et al. Interest of 
pelvic and paraaortic lymphadenectomy 
in patients with stage IB and II cervical 
carcinoma. Gynecologic oncology. 
1999;73(1):106-10.

28. Chargari C, Mazeron R, Dunant A, Gouy S, 
Petit C, Maroun P, et al. Impact of primary 
para-aortic lymphadenectomy on distant 
failure in locally advanced cervical cancer 
patients treated in the era of image-
guided adaptive brachytherapy. Clinical & 
experimental metastasis. 2016.

29. Hazewinkel MH, Sprangers MA, van der 
Velden J, van der Vaart CH, Stalpers LJ, 
Burger MP, et al. Long-term cervical 
cancer survivors suffer from pelvic floor 
symptoms: a cross-sectional matched 
cohort study. Gynecologic oncology. 
2010;117(2):281-6.

30. Derks M, van Lonkhuijzen LR, Bakker RM, 
Stiggelbout AM, de Kroon CD, Westerveld 
H, et al. Long-Term Morbidity and Quality 
of Life in Cervical Cancer Survivors: A 
Multicenter Comparison Between Surgery 
and Radiotherapy as Primary Treatment. 
International journal of gynecological 
cancer : official journal of the International 
Gynecological Cancer Society. 2016.

  3





Acta Obstetricia et Gynecologica Scandinavica - 2016,95(2): 166–172

Marloes Derks
Petra Biewenga
Jacobus van der Velden
Gemma G. Kenter
Lukas J.A. Stalpers
Marrije R. Buist

RESULTS OF RADICAL SURGERY IN WOMEN WITH STAGE 
IB2/IIA2 CERVICAL CANCER

4

55



CHAPTER 4

56

ABSTRACT
Introduction

There is ongoing discussion about the primary treatment of patients with bulky 
early stage cervical cancer. Because of high numbers of patients who need adjuvant 
(chemo)radiotherapy after initial surgical treatment, some state that primary 
(chemo)radiotherapy should be treatment of choice in order to prevent morbidity. 
The aim of our study is to assess the results of radical surgery for patients with 
bulky early stage cervical cancer in terms of recurrence patterns and survival.

Methods 

We conducted a retrospective cohort study. We included 129 patients who 
underwent a radical hysterectomy with pelvic lymphadenectomy for stage IB2/
IIA2 cervical cancer between 1984 and June 2010. Disease specific survival (DSS) 
was measured using a Kaplan Meier method and uni- and multivariate regression 
analysis were performed to determine prognostic factors associated with survival. 
A literature search was performed to analyze our data in the context of findings 
from the literature. 

Results

Five year DSS was 84%. Fifty percent of the patients received adjuvant treatment. 
The pelvic recurrence rate was 8%. With our multivariate analysis we found that 
histology, tumor diameter and parametrial involvement were independently 
associated with DSS. Our literature search showed wide diversity in rates of 
adjuvant treatment after initial surgery as well as for survival and recurrence rates. 

Conclusions

In the context of current knowledge about survival and side effects of various 
treatments for bulky early stage cervical cancer, radical surgery is a good treatment 
option in these patients. Depending on the type of surgery used, adjuvant 
radiotherapy can be minimized
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INTRODUCTION
In early stage (IB-IIA) cervical cancer, radical hysterectomy with pelvic lymph node 
dissection and primary (chemo)radiotherapy are equally effective treatment 
modalities with 5-year survival rates between 83% and 91% (1, 2). There is an 
ongoing discussion about the primary treatment in a subgroup of patients with 
bulky early stage cervical cancer. The only randomized controlled trial (RCT) with a 
subgroup analysis of stage IB1 and IB2, showed no difference in survival between 
radiotherapy and surgery for both subgroups, although stage IB2 patients in the 
radiotherapy arm had more pelvic recurrences (2). In a recent publication of the 
SEER data, patients undergoing surgery as initial treatment had improved outcomes 
compared to (chemo)radiotherapy (3). An important point against primary surgery 
in bulky cervical cancer is the fact that many stage IB2 patients have unfavorable 
prognostic factors necessitating the need for adjuvant (chemo)radiotherapy in 30% 
to 84% of patients, resulting in increased morbidity for these patients (2, 4, 5). 
Some use this argument to advocate primary (chemo)radiotherapy for all patients 
with stage IB2 (2). Unfortunately there are not many studies that compared short 
term and long term morbidity of patients treated by radical hysterectomy, followed 
by (chemo)radiotherapy for a select group of high risk patients, with patients who 
had primary (chemo)radiotherapy. 
Although some find morbidity to be higher in the surgical group (2), others refute 
this (4)  while quality of life did not differ in yet another study (6). 
The aim of this study was to assess the results of radical surgery for patients with 
stage IB2/IIA2 cervical cancer in terms of recurrence patterns and survival. A 
literature search was performed to analyze our data in the context of the findings 
from the literature. 

METHODS
From 1984 to June 2010, 215 consecutive patients treated for stage IB2 or IIA2 
cervical carcinoma were registered in the database of the Department for 
Gynecologic Oncology of the Academic Medical Center in Amsterdam. One hundred 
and fifty nine patients had primary surgery, 56 patients received primary (chemo)
radiotherapy. Thirty patients who had primary surgery were excluded. Ineligibility 
was due to unknown tumor diameter in four patients with stage IIA, wrong cell 
type in six and no follow up feasible in 20 cases (referred from other countries). 
The studied group consisted therefore of 129 patients. A radical hysterectomy 
according to Wertheim/Okabayashi was standard treatment (7). In general only 
patients 70 years old or less were surgical candidates, but some patients older 
than 70 with a very good performance were still operated. Morbidly obese women 
and patients with serious comorbidity were also treated by primary (chemo)
radiotherapy.  Staging occurred according to the guidelines of the International 
Federation of Gynaecology and Obstetrics (FIGO) (8). In 1994 stage IB was divided 
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into IB1 and IB2(9). The patients from the database treated before 1994 were 
retrospectively included when the clinical tumor diameter was more than 4 cm.  
Initially only X-IVP and/or renal ultrasound was performed for staging purposes. 
After 2001 all patients either had a CT scan or MRI. The results of the latter imaging 
technique did not influence the staging other than the finding of hydronephrosis. 
Only patients with squamous cell carcinoma, adenosquamous, or adenocarcinoma 
were included. Patients who received neoadjuvant therapy were excluded from 
the study. The following data were retrieved from the database, patient files, and 
pathology reports: Age, FIGO stage, clinical tumor diameter, histology, differentiation 
grade, lymph-vascular space invasion (LVSI), depth of stromal invasion, parametrial 
involvement, lymph node metastasis, state of vaginal resection margin, adjuvant 
therapy, and follow up status. Indications for adjuvant radiotherapy were: Lymph 
node metastasis, parametrial involvement, tumor positive surgical margins, or spill. 
Spill was defined as any circumstance where during surgery macroscopic tumor 
was spilled in the surgical field because of breakthrough through the surgical 
resection margin. Because of the small numbers, patients with positive surgical 
margins and spill were considered as one group. Adjuvant pelvic radiotherapy 
consisted of 46 Gray (Gy) delivered via a four-field box technique. Patients with 
common iliac or para-aortic lymph node involvement received extended ‘chimney’ 
field radiotherapy. 
From 2001, patients with more than one risk factor were offered concurrent 
chemotherapy (cisplatin 40 mg/m2/week) and radiotherapy. Risk factors in 
this respect were adenocarcinoma, lymph node metastases, and parametrial 
involvement. Patients with a combination of risk factors also received a 
brachytherapy boost of 10 Gy to the vaginal vault. All patients were attending 
the outpatient clinic for follow-up visits. Routine follow-up was continued up to 
five years. At each visit, patients were asked about complaints and gynecological 
examination was performed. When there was a clinical suspicion of recurrent 
disease, diagnostic tests such as MRI or CT-scan, serum tumor marker(s), and/
or biopsy were performed. Recurrences were defined as pelvic, when they were 
limited to the pelvic region. 
A literature search was performed by using the PubMed database using headings 
“cervical carcinoma”, and “stage IB2/IIA2”, and/or “locally advanced cervical 
carcinoma”, and/or “(chemo)radiotherapy” and/or “surgery”. Only series with 
more than 10 patients were included. By using these headings patients with a 
tumour diameter of 4 cm were included, not really being a true stage IB2/IIA2. 
Where applicable this issue was specifically mentioned. 
According to local guidelines, it was not necessary to apply for approval by the 
local ethical committee since we used archived data in which individuals are not 
identifiable (ref. number W15_232#15.0277, 26th august 2015).
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Statistical analysis

The primary endpoint in this study was disease specific survival (DSS), defined as the 
time to death related to cervical cancer. Missing values for two prognostic variables 
were replaced by single stochastic imputation based on the distribution amongst 
other variables in the dataset: differentiation grade (8/129=6%) and stromal 
invasion (1/129 < 1%) (10, 11).  The advantage of stochastic imputation is that it 
increases the prognostic value of not-imputed variables simply by conserving the 
complete sample size (129 patients). It decreases the discriminative power of the 
imputed variable, i.e. the prognostic value of the imputed variable will be lowered 
due to introduction of stochastic “noise”. The linearity of the continuous variables 
tumor diameter and age was assessed using spline functions (12). Nonlinear 
associations were redefined, based on these spline functions. Survival rates were 
calculated using the Kaplan-Meier method (13). Patients were censored at the date 
of last visit or at the time of death not related to the cervical cancer. Univariate 
and multivariable regression analyses were performed. For the multivariable Cox 
proportional hazard regression analysis, a stepwise backward selection procedure 
was used (14). As incorrect exclusion of a factor would be more deleterious than 
including too many factors, all prognostic variables with a significance level up to 
30% were included in the multivariate analysis. 

RESULTS
Table 1 gives a summary of the characteristics of the 129 patients from this study that 
had primary surgery. The mean age at diagnosis was 41 (range 16-76) years; most 
patients (76%) had clinical stage IB2 cervical cancer and squamous cell carcinomas 
(73%). The median tumor diameter was 50 mm (range 41-100 mm), pelvic lymph 
node metastasis were present in 47/129 patients (36%). The median follow-up was 
63 (range 3-258) months. One patient died of intercurrent disease within 5 years of 
follow-up. Adjuvant radiotherapy was indicated in 65 (50%) patients; 47 (36%) of 
those received radiotherapy alone and 18 (14%) received concurrent chemotherapy.  
Twenty-eight (22%) patients developed recurrent disease. Median time to recurrence 
was 14 months (range 4-124 months). shows the relation between adjuvant 
treatment and the rate and location of recurrences. In the surgery only group, most 
recurrences were pelvic (60%). Recurrences in the adjuvant treatment group were 
mostly distant recurrences (56%). The 5-year DSS, overall survival (OS) and recurrence 
free survival (RFS) were 84%, 83% and 82% respectively. For the group without and 
with adjuvant therapy, the 5-year DSS were 95% and 73% respectively. Both age and 
tumor size, were linearly associated with DSS. We combined the groups with well and 
moderate differentiation grade and with less than 1/3 and 1/3-2/3 stromal invasion, 
because these groups were too small to analyze separately. Table 3 shows the results 
of the univariate and the multivariate analyses. Adeno(squamous)cell carcinoma, 
increasing tumor diameter and parametrial involvement were associated with poor 
DSS in our multivariate model.
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Table 1. Characteristics of the study population
* Median, ª Range 
SCC = squamous cell carcinoma; AC = adenocarcinoma; ASC = adenosquamous cell carcinoma; LNM = lymph 
node metastasis; LVSI = lymph vascular space invasion; RT = radiotherapy; CT = chemotherapy; mm= millimeters

Before imputation After imputation

Characteristics  Patients, n % Patients, n %

Age Years  41* 16-76ª Not imputed

Follow-up Months  63* 3-258ª Not imputed

FIGO stage IB2 98 76

IIA 31 24

Histology SCC 94 73 Not imputed

AC + ASC 35 27

Differentiation grade Well 6 5 6 5

Moderate 45 35 48 37

Poor 67 52 75 58

Unknown 11 8

Tumor diameter mm  50* 41-100ª 50* 41-100ª

Stromal invasion <1/3 10 8 10 8

1/3-2/3 18 14 19 15

>2/3 100 78 100 78

Unknown 1 1

Vaginal wall extension No 98 76 Not imputed

Yes 31 24

Parametrial involvement No 96 74 Not imputed

Yes 33 26

LNM No 82 64 Not imputed

Yes 47 36

LVSI No 70 54 Not imputed

Yes 59 46

Surgical margins/spill No 123 95 Not imputed

Yes 6 5

Adjuvant treatment No 64 50 Not imputed

RT 47 36

RT + CT 18 14
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Literature data on the survival and recurrence pattern for patients with locally 
advanced cervical cancer both treated by primary radical surgery and primary 
(chemo)radiotherapy is summarized in table 4. For patients treated by primary 
surgery 5 years OS rates are reported from 62% to 88% and DFS rates from 63% 
to 82%.  Pelvic recurrence rates range from 5% to 29%. Adjuvant therapy was 
given from 31%-88% of all patients. For patients treated with primary (chemo)
radiotherapy OS rates are reported from 62% to 76% while pelvic recurrence rates 
are reported from 4% to 30%. 

Table 2.  Given therapy with the observed DSS and rate and location of recurrent disease 
N = number of patients; DSS = disease specific survival; DOD = dead of disease; NED = no evidence of disease; 
AWD = alive with disease

n 5 year DSS Recurrence Pelvic Distant Both

Surgery 64 95% 10 (16%) 6 (60%) 3 (30%) 1 (10%)

4 DOD 2 DOD 1 DOD

2 NED 1 AWD

Surgery + 
adjuvant therapy

65 73% 18 (28%) 4 (22%) 10 (56%) 4 (22%)

4 DOD 9 DOD 4 DOD

1 NED

DISCUSSION
The main finding of this study is that primary surgery for stage IB2/IIA2 cervical 
carcinoma using a Wertheim/Okabayashi technique results in a 5 year OS rate of 
83%, DFS rate of 82% and DSS rate of 84%. A pelvic recurrence rate of 8% was 
found, while 50% of patients had adjuvant radiotherapy. Multivariate regression 
analysis showed that adeno (squamous) histology, tumor diameter and parametrial 
involvement were independently associated with DSS. A literature search on the 
treatment results for patients with locally advanced cervical carcinoma showed 
a great variety in survival, recurrence rates and in the frequencies of adjuvant 
(chemo)radiotherapy. 
Comparing data from the current study with literature data on primary surgical 
treatment is subject to selection bias. Some authors include patients with a tumor 
diameter of 4 cm (4, 15-17), others only include patients with negative lymph 
nodes, resulting in more favorable survival rates as compared to series with 
true stage IB2/IIA2 patients (3). In the context of these limitations, the 82% DFS 
in our patient group compares favorably. The same holds true for the low pelvic 
recurrence rate of 8% as found in this study where other comparable series found 
rates ranging from 5% to 26% (2, 18-20). It is even more difficult to compare results 
of primary surgery with that of primary (chemo)radiotherapy. A good example 
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is the SEER study where patients treated by surgery with negative lymph nodes 
were compared with patients treated by radiotherapy (3). Because pathological 
information on the status of the lymph nodes in the latter group was lacking, a 
reliable comparison is impossible. 
There is no evidence supporting the best treatment strategy in stage IB2/IIA 
cervical carcinoma. Arguments such as complication rate and short term, but 
especially long term morbidity must be taken into account when treatment 
decisions are made. Radical surgery and primary radiotherapy differ in their early 
and late morbidity. An advantage of surgical management is that ovarian function 
can be preserved and shortening and fibrosis of the vagina can be limited. The 
side effects of surgery, like micturition problems, constipation and lymphedema, 
should be weighed against these advantages and against the morbidity of primary 
(chemo)radiotherapy (21, 22).  A disadvantage of initial surgery is the high rate, 
up to 84%, of adjuvant treatment, leading to dual morbidity (2). The relatively low 
rate of 50% adjuvant treatment in our study might be explained by the fact that 
our radiotherapy indications are stricter than the “Sedlis” criteria used in other 
centers (23, 24). Some surgeons totally abandon adjuvant radiotherapy. Höckel and 
co-workers showed excellent survival results with the total mesometrial resection 
(TMMR) method in patients with stage IB and IIB cervical carcinoma (25). As yet 
no confirmatory results of this challenging method in large patient series with long 
term follow up has been published by other groups. While some try to lower the 
rate of adjuvant radiotherapy, Hacker and co-workers use a small field technique 
for high risk, lymph node negative surgically treated patients and report a low rate 
of (small bowel) morbidity, with good survival results (29).   Proponents of primary 
(chemo)radiation for stage IB2 cervical cancer argue that, with similar survival, 
morbidity is most likely lower than after surgery and adjuvant radiotherapy in many 
of the patients (2, 26-28).  In a recent publication from our group, also including 
patients from the current study, long-term pelvic floor symptoms were reported 
in groups treated by only surgery, surgery and adjuvant radiotherapy and primary 
(chemo)radiotherapy. Patients treated with initial (chemo)radiation reported most 
adverse effects; especially fecal incontinence was present in a considerable number 
of patients (21). However, most retrospective studies may suffer from selection 
bias in favor of surgically treated patients (lower age, lower stage of disease, better 
performance status). In the recently completed EORTC trial 55994 concomitant 
radiotherapy and chemotherapy is compared with neo-adjuvant chemotherapy 
followed by surgery in stage IB2-IIB cervical cancer. The quality of life questionnaire 
will hopefully give an answer to these morbidity questions. The pathological and 
clinical variables showing independent prediction for DSS in this study are slightly 
different from the variables we found in a previous study, also including early stage 
cervical carcinoma (24). Variables like lymph vascular space invasion, lymph node 
metastases and depth of invasion were no predictors for survival in the current 
study. In concordance with other studies we also found tumor diameter and 
histology to be independent predictors for survival in stage IB2 (19). In another 
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study on this subject, however these latter two variables were not significant 
predictors (29). The present study has some limitations. Firstly, the long time 
period in which the cohort of patients was collected. And secondly, we can only 
compare our results after primary surgery with results from literature regarding 
primary (chemo)radiotherapy.  Strength of this study is the large homogeneous 
group of patients who were prospectively recorded in our database with common 
prognostic factors.  
In conclusion, the favorable survival data after the Wertheim-Okabayashi radical 
hysterectomy for stage IB2/IIA2 cervical cancer and the relatively low adjuvant 
radiotherapy rate of 50%, justifies the choice of primary radical hysterectomy for 
bulky early stage cervical cancer in a select group of patients. Radical hysterectomy 
techniques such as the Okabayashi variant or the TMMR method may decrease the 
need for adjuvant radiotherapy resulting in less long term morbidity and favorable 
survival results. 

Table 3. Results of the univariate and multivariate regression analysis (DSS)
SCC = squamous cell carcinoma; AC = adenocarcinoma; ASC = adenosquamous cell carcinoma; LNM = lymph 
node metastasis; LVSI = lymph vascular space invasion; HR = hazard ratio; CI = confidence interval

 Univariate analysis Multivariate analysis

  HR 95% CI p HR 95% CI p

Age Years 1.0 1.0-1.1 0.386

Histology SCC

AC/ASC 2.2 0.9-5.0 0.067 2.8 1.2-6.9 0.023

Differentiation 
grade

Well/
moderate

Poor 2.2 0.9-5.6 0.095 2.0 0.7-5.3 0.173

Tumor diameter mm 1.0 1.0-1.1 0.033 1.1 1.0-1.1 0.002

Stromal invasion ≤ 2/3

> 2/3 1.9 0.6-6.3 0.306

Vaginal wall 
extension

Macroscopic 0.9 0.4-2.5 0.858

Parametrial 
involvement

Present 6.3 2.7-15 <0.001 6.5 2.5-16 <0.001

LNM Present 3.8 1.6-8.9 0.003 2.2 0.9-5.8 0.095

LVSI Present 1.9 0.8-4.4 0.129

Surgical margins/
spill

Present 2.6 0.6-11 0.205 2.8 0.6-14 0.195
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ABSTRACT
Objective

To compare urinary- and bowel symptoms and Quality of Life (QoL), among women 
treated with a Wertheim-Meigs (WM, type III) or Wertheim-Okabayashi (WO, 
type IV) radical hysterectomy with pelvic lymphadenectomy (RHL) for early stage 
cervical cancer.

Methods

In this cross sectional observational study, patients treated with a WO or a (nerve 
sparing) WM radical hysterectomy (with or without adjuvant radiotherapy) 
between January 2000 and December 2010 in the Center for Gynaecological 
Oncology Amsterdam or Leiden University Medical Center were included. To assess 
QoL, urinary- and bowel symptoms we used the EORTC QLQ-C30, EORTC QLQ-CX24 
and Leiden Questionnaire. We performed a multivariate analysis to identify factors 
associated with urinary symptoms.

Results

268 women were included (152 WO and 116 WM). QoL was not significantly 
different in patients treated by  WO or WM. Urinary symptoms were more often 
reported by patients in the WO group compared to the WM group: ‘feeling of urine 
retention’ (53% vs. 32%), ‘feeling less/no urge to void’ (59% vs. 14%) and ‘timed 
voiding’ (49% vs. 10%). With regard to bowel symptoms there was no difference 
between both. Multivariate analysis showed that surgical technique was an 
independent factor for differences in urinary symptoms.

Conclusions

Patients undergoing more radical surgery for early stage cervical cancer report 
significantly more urinary dysfunction, whereas bowel function and health related 
quality of life is not decreased
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INTRODUCTION
Women with cervical cancer FIGO stage IA, IB and smaller IIA tumors, are preferably 
treated with a radical hysterectomy with pelvic lymphadenectomy (RHL), with 
or without adjuvant (chemo-) radiotherapy, depending on pathology results (1). 
This treatment regimen results in a good 5-years disease free survival rate of 85-
95% (2). Since patients treated for early stage cervical cancer are relatively young 
and survival is good, quality of life after treatment is important. As a result of a 
radical hysterectomy, damage to autonomic nerve tissue is likely to occur, inducing 
dysfunction of pelvic organs. Vaginal, urinary and bowel symptoms are the result 
of surgical trauma involving the sympathetic and parasympathetic branches of the 
autonomous innervation and blood supply of pelvic organs (3).  The incidence of 
post-operative urinary dysfunction reported in the literature varies from 8% to 80% 
(4-10). This wide range is likely due to the use of varying definitions and diagnostic 
tools for the detection of urinary symptoms, as well as to patient selection, and to 
variation in surgical techniques. Urinary incontinence, urinary retention because 
of reduced bladder sensation and voiding by abdominal straining are the most 
reported urinary symptoms after RHL (11-13). Constipation is the most reported 
colorectal problem after radical surgery for cervical cancer (14, 15). 
The radicality of the hysterectomy, in particular the extent of the dissection of 
parametrial tissue appears to influence morbidity (6, 16, 17). In The Netherlands, 
different types of RHL are being performed. In most centers, the procedure as 
described by Wertheim and Meigs is considered the standard surgical technique. It 
consists of en-bloc resection of the uterus, surrounding parametrium up to the origin 
of the uterine artery and upper vagina combined with a pelvic lymphadenectomy. 
In other institutions one opts for a Wertheim-Okabayashi radical hysterectomy, a 
more radical procedure described by Okabayashi around 1920 and improved by 
Sekiba (18-20). This technique is characterized by a more extensive resection of 
the parametrial tissue and the separation of the posterior leaf of the vesico-uterine 
ligament (VUL). Thus the bladder with the ureter can be completely separated 
from the lateral side of the cervix and vagina. This procedure has resulted in very 
good overall and disease free survival (21, 22). Unfortunately, it is also associated 
with high urinary morbidity rates. Hazewinkel described that patients treated 
with a Wertheim-Okabayashi RHL suffer from pelvic floor dysfunction (23), but 
did not compare outcomes with those patients treated with less radical surgery. 
The only randomized controlled trial evaluating the effect of radicality in women 
undergoing RHL reported higher rates of especially abnormal urodynamic findings 
in the more radical treated group (16). Unfortunately, both studies did not asses 
health related quality of life. Pieterse and Cibula both showed a positive effect 
of nerve sparing strategies in a Wertheim-Meigs like procedure on post-operative 
morbidity compared to more radical surgery, however these differences were only 
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present in the first 6 months after surgery (10, 24). As a part of a larger multicenter 
study to observe quality of life and sexual complaints in cervical cancer survivors, 
a cross sectional observational study was performed focusing on quality of life and 
urinary- and bowel symptoms with the aim to compare the two treatment groups 
and to identify factors affecting urinary and bowel symptoms and QoL. 

METHODS
A multicenter cross-sectional questionnaire study was conducted at the Centre for 
Gynaecological Oncology Amsterdam (CGOA) and the Leiden University Medical 
Center (LUMC). Both hospitals are tertiary or referral hospitals for gynecological 
cancer. The study was approved by the Medical Ethics Committees of all participating 
centers. Patients with early stage cervical cancer, who had been treated with any 
type of radical hysterectomy with pelvic lymphadenectomy (RHL) between January 
2000 and December 2010, were eligible for the study. Based on the performed 
surgical technique, women were divided in two groups: Wertheim-Okabayashi 
(WO) or less radical Wertheim-Meigs like procedure (WM). From 2001 onwards, 
in women undergoing the WM-like procedure the pelvic autonomic nerves were 
selectively spared (25, 26). Selected women were given adjuvant treatment based 
on their postoperative pathology results. For all patients indications for adjuvant 
radiotherapy were: lymph node metastasis, parametrial infiltration, and tumor-
positive surgical margins. For Wertheim-Meigs RHL, adjuvant RT was also indicated 
in case of tumor diameter > 4 cm, depth of invasion > 15 mm or extensive lymph 
vascular space invasion.  Adjuvant treatment consisted of external pelvic irradiation 
of 46 Gy in doses of 2 Gy. WM treated patients received a parametrial boost in 
case of parametrial involvement. WO treated patients with a combination of risk 
factors also received a brachytherapy boost of 10 Gy to the vaginal vault. From 
2001, patients were offered concurrent chemotherapy and radiotherapy if more 
than one of the following risk factors were present: adenocarcinoma, lymph node 
metastases, and/or parametrial infiltration (WO) or in case of 2 or more positive 
lymph nodes (WM). The chemotherapy regime comprised Cisplatinum 40 mg/m2 

once a week. 
For this study women were excluded if they were treated less than 12 months ago, 
had a recurrence, were aged over 70, were living abroad or if they did were not 
able to communicate in Dutch. 
Eligible women received a set of Dutch validated self-administered questionnaires 
together with a reply-paid envelope. Participating women were also given the 
option of completing the questionnaires online. Women who did not respond 
within 1 month were sent a reminder and were telephoned 1 week later. 
The patient’s demographic, surgical and pathology data were extracted from our 
prospective filled databases. 
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Questionnaires

As we were interested in overall quality of life but also in specific urinary- and bowel 
symptoms, we used three different questionnaires. The European Organization 
for Research and Treatment of Cancer Core Quality of Life Questionnaire (EORTC 
QLQ-C30) (27) was supplemented by the cervical cancer module (EORTC QLQ-CX24) 
(28). The EORTC QLQ-C30 is designed as an integrated, modular approach for the 
evaluation of the quality of life of oncological patients. This validated questionnaire 
is often used in clinical trials. We used the five ‘functioning scales’ (physical, 
emotional, social, cognitive and role function), the overall quality of life scale and 
the 2 single items concerning bowel function. Items were scored according to 
the EORTC scoring manual (28, 29) and transformed to scores from 0-100. Higher 
scores represent better functioning or higher level of symptoms. The EORTC QLQ-
CX24 was designed to assess disease- and treatment-specific aspects of quality 
of life in patients with cervical cancer. Because we were interested in urinary and 
bowel symptoms, we explored the 7 items concerning these symptoms of the 
EORTC QLQ-CX24 individually. All items were answered on a four point Likert scale 
which was dichotomized into ’Yes’ (answers ‘a little’, ‘quite a bit’ and ‘very much’) 
and ‘No’ (answer ‘not at all’) in order to make the results more clinically relevant. 
In addition, we used 3 questions about voiding from the Leiden Questionnaire (LQ) 
(30) because these symptoms were not covered by the EORTC questionnaires. 
The item ‘feeling urge to void’ was answered multiple choice (yes/moderate/no). 
This item was dichotomized into ‘Yes’ (answer ‘yes’) and ‘No’ (answers ‘no’ and 
‘moderate’). When ‘moderate’ or ‘no’ was filled in by the item concerning ‘urge to 
void’, respondents had to answer two other questions concerning timed voiding 
and self-catheterization.

Statistics

All data were analyzed with use of SPSS, version 22.0 for Windows (SPSS Inc., 
Chicago, IL, USA). Descriptive statistics were used to present the demographic 
and disease-related variables. Chi-square test and the t-test were used to analyze 
differences between the groups. A value of p < 0.05 was regarded as statistically 
significant. If we found significant differences between the groups, we used a 
multivariate regression analysis to explore associations between the symptoms/
functioning scales and demographic and treatment variables. In our model the 
following predictors were used: age (years), follow up time (years), children (yes/
no), radiotherapy (yes/no), and type of surgery (WO/WM).

RESULTS
Between 2000 and 2010, a total of 960 patients underwent a radical hysterectomy 
with pelvic lymphadenectomy for cervical cancer in the participating hospitals. A 
total of 364 patients were not eligible because of death, age, too short follow up or 
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recurrent disease. Eligible patients (n=596) were invited for participation by mail. 
Four hundred and twenty eight women (72%) responded, of whom 160 refused 
to participate for different reasons (mainly because the study subject was too 
confronting or intimate), leaving 268 patients who could be included for analysis. 
One hundred fifty two patients were treated with a RHL according to Wertheim-
Okabayashi (WO), 116 women underwent a less radical Wertheim-Meigs like 
procedure. Table 1 shows the demographic and disease related characteristics 
per treatment group. There were no differences between the two groups. Most 
women had a partner and children. In both groups, the majority of patients were 
treated for stage IB squamous cell cervical cancer. As expected, although there 
was no significant difference, adjuvant treatment was given more often in the less 
radical treated WM-group. 
Shows the self-reported prevalence of urinary- and bowel symptoms and health 
related quality of life scores. Women treated with a Wertheim-Okabayashi RHL 
reported significantly more frequent ‘feeling of urine retention’, ‘feeling less/no 
urge to void’ and ‘timed voiding’. On items concerning bowel function (abdominal 
pain, incontinence for stool, blood with stool) or ‘urgency-like’ urinary symptoms 
(frequent voiding, dysuria, incontinence for urine), there were no differences 
between the more or less radical treated patients. On none of the five functioning 
scales and the overall quality of life scale of the EORTC QLQ-C30, were significant 
differences between the two groups. Results of the multivariate analysis of three 
urinary items are presented in table 3. Older patients reported less urine retention 
(OR 0.96, CI 0.93-0.99). More radical surgery was associated with feeling of urine 
retention, less urge to void and timed voiding. Other predictors did not affect these 
items.   

Table 3. Multivariate analysis for urinary symptoms
RT: adjuvant radiotherapy, RHL: radical hysterectomy, WO: Wertheim-Okabayashi radical hysterectomy

Feeling of urine 
retention after 

voiding

Little/no urge to 
void

Timed voiding

OR (95% CI) OR (95% CI) OR (95% CI)

Age (years) 0.96 (0.93 – 0.99) 0.98 (0.94 – 1.01) 0.98 (0.95 – 1.02)

Follow up (years) 0.997 (0.99 – 1.00) 1.001 (0.99 – 1.01) 1.002 (0.99 – 1.01)

Children 0.99 (0.97 – 1.02) 0.96 (0.86 – 1.07) 0.97 (0.88 – 1.06)

RT 0.85 (0.46 – 1.56) 0.63 (0.32 -1.27) 0.70 (0.34 – 1.43)

RHL (WO=ref) 0.41 (0.25 – 0.69) 0.12 (0.06 – 0.22) 0.12 (0.06 – 0.24)
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Table 1. Demographic and disease-related characteristics. 
WO: Wertheim-Okabayashi radical hysterectomy; WM: Wertheim-Meigs radical hysterectomy 

WO
(n = 152)

WM
(n = 116)

p value

n (%) n (%)

Demographic 

Age (years) 47.6 (8.1) 47.9 (8.8) .198

Partner (yes) 119 (78) 86 (74) .445

Children (yes) 109 (72) 91 (78) .257

Time since treatment (in years) 6.7 (3.2) 6.5 (3.1) .731

Disease related

FIGO .137

IA 3 (2) 2 (2)

IB 140 (92) 99 (85)

IIA 9 (6) 15 (13)

Tumour diameter .150

≤4 cm 134 (88) 95 (82)

>4 cm 18 (12) 21 (18)

Histology .474

Squamous cell 104 (68) 73 (63)

Adenocarcinoma 37 (24) 33 (28)

Adeno-squamous 8 (5) 7 (6)

Other 3 (2) 3 (3)

Adjuvant radiotherapy 29 (19) 32 (28) .100

Adjuvant chemotherapy 21 (14) 14 (12) .511
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Table 2. Quality of Life and prevalence of urinary and bowel symptoms 
WO: Wertheim-Okabayashi radical hysterectomy; WM: Wertheim-Meigs radical hysterectomy; $ Questions 
from Leiden Questionnaire; # Questions from EORTC QLQ-C30 in means (standard deviation)

WO
(n = 152)

WM
(n = 116) p-value

EORTC QLQ- CX24

(% (‘yes’/total)

Frequent voiding 42 (64/150) 52 (60/116) .142

Dysuria 10 (15/152) 17 (20/116) .076

Incontinence for urine 55 (83/152) 46 (53/116) .148

Feeling of urine retention after voiding 53 (80/151) 32 (37/116) .001

Little/no urge to void $ 59 (89/152) 14 (16/116) <.001

Timed voiding $ 49 (75/152) 10 (12/116) <.001

Self-catheterisation $ 7 (10/153) 2 (2/116) .057

Abdominal pain 36 (55/151) 45 (52/116) .165

Incontinence for stool 18 (28/151) 16 (18/115) .537

Blood with stool 6  (9/152) 10 (11/115) .263

Diarrhoea # 6 (15) 9 (17) .076

Constipation # 17 (28) 16 (25) .825

EORTC QLQ-C30

means (standard deviation)

Global Health-QoL 75 (20) 75 (20) .295

Physical functioning 89 (14) 88 (16) .692

Role functioning 86 (22) 82 (25) .270

Emotional functioning 80 (20) 75 (24) .070

Cognitive functioning 83 (21) 81 (24) .322

Social functioning 87 (22) 84 (24) .337
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DISCUSSION 
It is known that patients treated with a radical hysterectomy for cervical cancer 
report considerable rates of urinary symptoms. Whereas patients treated with a 
Wertheim-Okabayashi RHL reported significantly more often symptoms of urinary 
dysfunction, their overall disease specific quality of life was not statistically different 
from women treated with a (nerve sparing) Wertheim-Meigs RHL. In comparison 
to the general population, rates of self-reported urinary symptoms differ. Pieterse 
et al described in a longitudinal study that after 2 years follow up, the differences 
between patients and controls concerning bladder dysfunction were no longer 
statistically significant (10). On the other hand, Hazewinkel and coworkers found 
that women after RHL report significantly more urge incontinence and problems 
with bladder emptying compared to controls (23). The fact that surgical techniques 
are different in these studies might be an explanation for this phenomenon. Scores 
on health related quality of life (EORTC QLQ-C30) are good for patients in both 
groups and comparable to the general Dutch female population. On emotional, 
cognitive and social functioning however, the scores of cervical cancer survivors 
are worse (31). In the present study we defined factors associated with quality of 
life and urinary and bowel symptoms in patients treated with different types of 
radical hysterectomy for early stage cervical cancer.
Before interpreting our results, the following limitations need to be addressed. 
It is commonly known that randomized study designs for comparison of surgical 
techniques are very exceptional. We created an observational multicenter design 
in order to be able to compare two different techniques. Since we did not perform 
a longitudinal study, we are not informed about urinary and bowel symptoms and 
quality of life of patients before surgery. However, the baseline characteristics of 
both groups were not significantly different and furthermore this issue has been 
reported by others (10). Moreover it is important to realize that although surgery 
was performed in only 2 centers, especially the surgical technique in the WM-
cohort changed over time. From 2001 onwards a nerve sparing technique was used 
while from 2006 onwards nerve sparing was combined with complete resection of 
the so called morphogenetic unit of the cervix (25, 32).  Besides, some additional 
prognostic variables like ‘smoking’, ‘body mass index’ and ‘menopausal status’ were 
not available and could therefore not be taken into the multivariate model. Despite 
these limitations, considering the power of the study and its multicenter design, 
our results are valuable and valid for counseling patients in daily practice about 
long term symptoms after treatment. Symptoms of urinary dysfunction were more 
prevalent in the WO group. Especially the items concerning decreased bladder 
sensation were significantly more often reported. Fifty nine percent of patients 
who underwent a Wertheim-Okabayashi RHL report this symptom after a mean 
follow up period of 6.7 years. This suggests that damage to nerves innervating the 
bladder is more extensive during this procedure compared to a less radical type 
of RHL. In a study performed on fetal pelves we created a 3D model of nerves 
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and lymphatics surrounding the pelvic organs. This model showed an extensive 
network of autonomic nerves in the vesico-uterine ligament, it is in particular this 
region in which the Wertheim-Okabayashi technique is more radical (33). Contrary 
to our findings, Sowa et al described that less radically treated women had a 
better physical and role function. However, this study compared a group without 
adjuvant radiotherapy with a group in which 31% of the women received adjuvant 
radiotherapy which may bias this study, especially since the effect of adjuvant 
radiotherapy was not analyzed in a multivariate regression analysis (34). Pieterse et 
al found no difference in urinary-, bowel- function at 12 and 24 months after nerve 
sparing or non-nerve sparing surgery, but this study evaluated the effect of nerve 
sparing in the less radical Wertheim Meigs procedure only. In the present study, the 
more extended Wertheim-Okabayashi technique was associated with significantly 
more urinary problems. Both studies showed that bowel function was not affected 
by the extent of surgery and that adjuvant radiotherapy did not affect long term 
urinary symptoms. As previously described by Hazewinkel and co-investigators, we 
also found that adjuvant radiotherapy was associated with increased incontinence 
for stool (23). A possible explanation for the fact that patients report a good QoL 
despite significantly more symptoms may be the phenomenon of ‘response shift’. 
This is part of the process that patients with a life-threatening disease such as 
cancer go through in order to adapt to their illness. Internal standards, values and 
conceptualization of QoL can change over time (35). Furthermore, patients treated 
for gynecologic malignancies are often informed about the possible consequences 
of their treatment, they expect urinary and/or bowel symptoms to occur, and find 
their own way to cope with these complaints. Well-informed patients are better at 
coping patients feel fortunate to be alive (36-38). 
Since survival data for early stage cervical cancer are good, symptoms and disease 
specific quality of life after treatment are very important. Here we found that 
although patients undergoing the more radical WO procedure report significantly 
more urinary dysfunction compared to women after a WM procedure, their quality 
of life is not different. 
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ABSTRACT
Objective

To compare long-term morbidity and quality of life (QoL) after primary surgery or 
primary radiotherapy for stage IB/II cervical cancer. 

Methods

A cross-sectional study was performed. Patients treated for stage IB/II cervical 
cancer between 2000 and 2010 were approached to participate. Primary treatment 
consisted of radical hysterectomy with pelvic lymphadenectomy (RHL), for selected 
cases followed by adjuvant (chemo) radiotherapy, or primary (chemo)radiotherapy 
(PRT). EORTC-C30 and –CX24 questionnaires were administered. A multivariable 
analysis was performed to identify factors associated with morbidity/QoL. In a 
subgroup-analysis outcomes between patients with RHL + adjuvant radiotherapy 
and PRT were compared.

Results 

323 cervical cancer survivors were included (263 RHL/60 PRT). Mean time to 
follow-up was 6.6 years. Women treated with PRT reported lower physical                                                   
(β -6.01) and social functioning (β -15.2), more financial problems  (β 10.9), diarrhoea 
(β 9.98), symptom experience (β 6.13), sexual worry (β 11.3) and worse sexual/
vaginal functioning (β 11.4). Women treated with RHL reported significantly more 
lymphedema (β -16.1). No differences in global health were found.  In the subgroup-
analysis, women after PRT (n= 60) reported poorer social functioning, less sexual 
enjoyment and higher symptoms experience than women after RHL and adjuvant 
radiotherapy    (n = 60). The latter reported more lymphedema.  

Conclusions

Long-term morbidity after RHL or PRT for cervical cancer differs. Although global 
health-scores are not significantly different, women after PRT report more physical, 
social and sexual symptoms. This knowledge will optimize counselling about 
treatment-related morbidity and facilitate decision making about treatment in line 
with personal preferences.
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INTRODUCTION
Radical surgery and radiotherapy are both primary treatment options for women 
with early stage cervical cancer (CC). Five year survival rates of these treatment 
modalities are similar, around 85 to 95% (1). Women treated for CC are on 
average young and will subsequently live for many years with the sequelae of the 
disease and of its treatment-induced morbidity. Consequently, treatment-related 
morbidity plays an important factor in treatment selection. Bladder, bowel, and 
sexual dysfunction are the most frequent reported symptoms after treatment for 
CC and these symptoms are known to negatively affect quality of life (QoL) (2-4). 
Well-informed patients are better at coping with the disease and the sequelae of 
its treatment (5, 6). Therefore, information about treatment-induced morbidity 
is clinically relevant in order to optimize counseling and facilitate shared decision 
making when selecting primary treatment.  Radical surgery and radiotherapy have 
similar rates of treatment-induced morbidity but the character of the symptoms 
differs and is often difficult to compare (7, 8). Surgical treatment consists of a radical 
hysterectomy with pelvic lymphadenectomy (RHL), followed by radiotherapy in 
case of poor prognostic pathological findings. During RHL, damage to sympathetic 
and parasympathetic branches of the autonomous innervation and blood supply of 
pelvic organs may occur, leading to voiding difficulties and colorectal dysfunction 
such as slow transit constipation (9-12). Lubrication problems and shortening of 
the vagina after RHL are known to negatively affect sexual function (13). Primary 
radiotherapy consists of external pelvic beam radiotherapy with or without 
chemotherapy, followed by brachytherapy. Radiotherapy induces different long-
term bladder, bowel and vaginal morbidity as compared to surgery. Radiotherapy 
leads to damage of the bladder mucosa causing a fibrotic bladder wall resulting 
in a low compliant bladder and overactive bladder symptoms like urgency and 
frequency (14-17). Incontinence for stools and diarrhea are the most frequently 
reported colorectal complaints after pelvic radiotherapy (10, 18, 19). Long-term 
vaginal morbidity in CC consists of mucosal atrophy, shortening and/or stenosis 
of the vagina resulting in vaginal dryness and dyspareunia and loss of libido (20, 
21). For advanced stages of CC, primary radiotherapy is the treatment of choice. 
However, for early stages, radical surgery and radiotherapy are both viable options. 
The choice for primary treatment depends on patient characteristics (age, BMI, co-
morbidity), treatment side effects, and preferences of the physician and patient. 
Especially in bulky early stage tumours, treatment selection is challenging. Surgery 
has the advantage that the ovaries are being preserved. Furthermore it offers the 
possibility of accurate staging, the emotional satisfaction that the tumour has been 
removed, and the fact that complications of surgery are easier to redress than 
those of radiotherapy (22). Primary radiotherapy has the important benefit of 
being useful in patients with substantial comorbidity, in the elderly, and in obese 
patients. An important reason for not choosing surgery as the primary treatment 
is the possible indication for adjuvant (chemo)radiotherapy based on pathological 
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features. Some state that morbidity is higher after combined treatment, while 
others refute this or find similar morbidity rates (23-25). Treatment related QoL 
should be taken into account when deciding on treatment. Understanding the 
factors affecting QoL is important for counseling and tailoring treatment.
The aim of this study was to compare self-reported long term morbidity and QoL 
of early stage CC survivors who underwent surgery as primary treatment with 
morbidity and QoL in women who received (chemo)radiotherapy. Our study was 
part of a larger multicenter study to identify sexual complaints in CC survivors and 
to evaluate the need for treatment. 

METHODS
A multicenter cross-sectional questionnaire study was performed.  Women treated 
for stage IB or II cervical cancer in the Centre for Gynecological Oncology Amsterdam 
(CGOA) and the Leiden University Medical Center (LUMC) between January 2000 
and December 2010 were selected. Patients were excluded if they had recurrent 
disease, were aged over 70, living abroad or if they were not able to communicate in 
Dutch. Eligible women received a set of validated, self-administered questionnaires 
together with a reply-paid envelope. Participating women were also given the 
option of completing the questionnaires online. Patient’s demographic, surgical, 
and pathology data were extracted from our prospective electronic databases. The 
Medical Ethics Committees of both participating centers approved the study. Based 
on primary treatment, women were divided in two groups: a group who underwent 
a primary radical hysterectomy (according to Wertheim-Meigs (WM) or Wertheim 
Okabayashi (WO)) with pelvic lymphadenectomy (RHL), and a group who received 
primary (chemo)radiotherapy (PRT). In the RHL group, selected women were given 
adjuvant treatment based on postoperative pathology results. Depending on the 
type of radical hysterectomy, indications for adjuvant radiotherapy were: lymph 
node metastases, parametrial infiltration or tumor-positive surgical margins (WO) 
and in case of tumor diameter > 4 cm, depth of invasion >15 mm or extensive 
lymph vascular space invasion (WM).  Adjuvant treatment consisted of external 
pelvic radiotherapy of 46 Gray (Gy) in 2 Gy fractions. From 2001, patients were 
offered concurrent chemotherapy (Cisplatinum 40 mg/m2 once a week) if more 
than one of the following risk factors were present: adenocarcinoma, lymph node 
metastases, and/or parametrial infiltration (WO) or in case of 2 or more positive 
lymph nodes (WM). Patients with a positive (<5 mm) surgical margins or parametrial 
involvement (WM) or in case of a combination of risk factors (WO) also received a 
brachytherapy boost of 10 Gy to the vaginal vault. Primary radiotherapy treatment 
consisted of external beam radiotherapy to the pelvis (46 Gy in fractions of 2 Gy) 
plus weekly concurrent chemotherapy (cisplatin, 40 mg/m2/week), followed by 
a Fletcher-type intracavitary brachytherapy application to a minimal tumor total 
dose of 75 Gy (PDR, 24 pulses of 1 Gy every hour). 
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Questionnaires

In order to evaluate symptoms and QoL, two validated questionnaires developed 
by the European Organization for Research and Treatment of Cancer (EORTC) were 
used. The EORTC Core Quality of Life Questionnaire (EORTC QLQ-C30) is a 30-item 
questionnaire and contains both multi- and single-item scales (26). These include 
5 functioning scales (physical -, role -, emotional-, cognitive- and social functioning), 
three symptom scales (fatigue, nausea/vomiting, pain) and six single-item 
symptoms (dyspnea, insomnia, appetite loss, constipation, diarrhea and financial 
difficulties). Answers were recorded on a four-point Likert scale (ranging from 1 
= not at all to 4 = a lot). Items were scored according the EORTC scoring manual 
and linearly converted to scores from 0-100 (27). A high score represents better 
functioning or a higher level of/more symptoms. The EORTC QLQ C30 questionnaire 
was supplemented by the cervical cancer module (EORTC QLQ-CX24) (28). The 
EORTC QLQ-CX24 was designed to assess disease- and treatment specific aspects of 
quality of life in patients with CC. The questionnaire contains 24 items summarized 
in 3 scales (symptom experience, body image sexual/vaginal functioning) and 6 
single items (lymphedema, peripheral neuropathy, menopausal symptoms, sexual 
worry, sexual activity and sexual enjoyment). Answers were measured with four-
point Likert scales (ranging from 1 = not at all to 4 = a lot) and linearly converted 
to scores from 0-100. Higher scores mean more symptoms/problems, better body 
image, and more sexual activity and sexual enjoyment.
 
Statistics

Descriptive statistics were used to present the demographic and disease-related 
variables. Chi-square tests (for discrete variables) and unpaired t-tests (for 
continuous variables) were used to analyze differences between the groups. A 
value of p < 0.05 was considered as statistically significant. For those items/scales 
with statistically significant differences between the two groups, a multivariable 
linear regression analysis was performed to explore associations between 
symptoms/functioning and patient, and treatment related variables. In our model 
the following confounders were used: age (years), follow up time (years), children 
(yes/no), partner (yes/no), education level (low/high) and primary treatment (RHL/
PRT). In order to find answers regarding morbidity after combined treatment, a 
subgroup analysis was performed comparing patients who received adjuvant 
(chemo)radiotherapy after initial RHL with patients who were treated with primary 
(chemo)radiotherapy. All data were analyzed using SPSS, version 23.0 for Windows 
(SPSS Inc., Chicago, IL, USA).
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RESULTS
Out of 708 eligible patients 504 replied (71%) of which 323 women agreed to 
participate in this study (46% of eligible women). Women who declined participation 
were significantly older (mean (M) = 51, standard deviation (SD) = 9.6 years) than 
participating women (M = 48, SD = 9.1), p = .026. There were no other differences 
between participants and non-participants. Two hundred and sixty three patients 
were treated with a primary radical hysterectomy and pelvic lymphadenectomy, 60 
patients received (chemo)radiotherapy as primary treatment. Adjuvant (chemo)
radiotherapy was given to 23% of the patients after initial RHL. Table 1 shows the 
demographic and disease related characteristics per treatment group. Patients 
who underwent PRT were older compared to patients in the surgery group. 
In the surgery group, more women had a partner. FIGO stage was higher in the 
PRT group. QoL scores are presented in Table 2. For the items concerning sexual 
functioning, only sexually active women (n = 206, 64%) responded (176 (67%) in 
RHL group, 30 (50%) in PRT group). On the functioning scales, women after PRT 
reported lower scores for physical- and social functioning and women in this 
group reported more often financial difficulties. There were no differences on the 
symptoms scales, but RHL resulted in more constipation whereas PRT resulted in 
more diarrhea. Furthermore, women treated with PRT reported higher levels of 
symptom experience, problems concerning sexual/vaginal functioning and sexual 
worry. Women after RHL reported more sexual activity. Lastly, lymphedema was 
more often reported after RHL and peripheral neuropathy more experienced by 
women after PRT.  The composite outcome ‘symptom experience’ comprises 11 
questions about abdominal pain, back pain, incontinence for urine and stool, 
frequent voiding, dysuria and obstructive voiding, bloody stool, and vaginal pain, 
discharge and blood loss. Many of these symptoms are reported more after 
radiotherapy compared to surgery resulting in a higher symptom experience score 
for patients receiving (primary) radiotherapy. Multivariable analysis is presented in 
Table 3. It shows that PRT has a negative impact on physical- and social functioning, 
financial problems and symptom experience and leads to more diarrhea, sexual/
vaginal symptoms and sexual worry. Lymphedema was significantly associated with 
RHL. Women reported to be less sexually active with increasing age; longer follow-
up time has a positive effect on sexual activity. The subgroup-analysis demonstrates 
that women who received (chemo-)radiotherapy after initial RHL had significantly 
higher scores on social functioning and sexual enjoyment and lower scores on 
‘symptom experience’. After PRT lymphedema was less frequently reported 
compared to women treated with RHL and adjuvant (chemo-)radiotherapy.  



93

LONG TERM MORBIDITY AND QOL AFTER SURGERY OR RADIOTHERAPY AS PRIMARY TREATMENT

DISCUSSION
This study demonstrated that overall QoL is not different after primary surgery as 
compared to primary radiotherapy. However, women in both groups frequently 
reported symptoms and problems after treatment. After primary radiotherapy 
women have impaired physical and social functioning, reported more financial 
problems, have a higher score on symptom experience and more often diarrhea. 
Women after primary radiotherapy also experienced more problems in sexual 
functioning and have more sexual worries. Women after RHL experienced more 
lymphedema. Multimodality therapy combining surgery and radiotherapy does 

Table 1. Demographic and disease-related characteristics 
(in numbers (n) with % unless indicated with *) RHL = radical hysterectomy with pelvic lymphadenectomy; PRT 
= primary (chemo)radiotherapy; * mean (standard deviation

RHL
(n = 263)

PRT
(n = 60) p value

n (%) n (%)

Demographic 

Age (years) * 47.8 (25-69) 51.5 (31-69) .027

Time to follow up (years) * 6.6 (2-13) 6.5 (2-12) .957

Partner (yes) 200 (76) 34 (57) .038

Children (yes) 195 (74) 40 (67) .479

Education level .050

Low 140 (53) 39 (65)

High 118 (45) 20 (33)

Unknown 5 (2) 1 (2)

Disease related

FIGO .036

IB1 215 (82) 13 (20)

IB2 23 (9) 9 (17)

IIA 18 (7) 8 (13)

IIB 7 (3) 30 (50)

Adjuvant (chemo-)radiotherapy 61 (23) NA
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not result in higher morbidity rates or lower QoL scores as compared to primary 
radiotherapy alone. The study has some limitations: patient selection when 
choosing primary treatment and whether women choose to participate has likely 
introduced some bias. By performing a multivariable analysis we corrected for 
differences in known confounders like age, parity and education level but of course 
unknown confounders cannot be corrected for. For example: patients with more 
problems might be more willing to participate and report about their impairments. 
Second, because of the multicenter design, there were some small differences in 
surgical techniques and indications for adjuvant therapy. However, these differences 
enhance the generalizability of our study findings. Strengths of this study are 
the large sample size and the use of validated and standardized questionnaires 
assessing overall QoL, CC specific symptoms and more general symptoms of cancer 
such as fatigue and anxiety. These self-reported primary outcome measurements 
are, in our opinion, more valuable than objective measurements like urodynamic 
investigation tests. Also patients with adjuvant radiotherapy after initial RHL were 
included in this study. This gives a more reliable reflection of the choices made in 
clinical settings. In accordance with other studies, this study showed that overall 
QoL in women after treatment for CC is generally satisfactory, and similar to 
that of the general population (29-32). Park et al found that social functioning is 
impaired after treatment for CC compared to the general Korean population (33). 
This was most apparent in the group of patients receiving (primary) radiotherapy. 
Our study corroborates that finding. An explanation could be that complaints after 
radiotherapy are more distressing. For example, incontinence for urine or diarrhoea 
may inhibit social activity more than obstructive voiding problems or constipation. 
Lymphedema is known to be a considerable problem after surgery for CC, due to the 
complete pelvic lymph node dissection (34-36). Different studies have described 
that with increase in time more women report lymphedema after RHL for CC (36, 
37). In the same line, this study shows a major difference in reported lymphedema 
between patients after surgery compared to women after radiotherapy, but did 
not find a relation with duration of follow up. Sexual functioning is a well-known 
problem after radiotherapy (38). Jensen et al described that women until 2 years 
after PRT report persistent sexual dysfunction and adverse vaginal changes, leading 
to reduced sexual activity and satisfaction. Current study also found that sexual/
vaginal functioning is impaired and sexual worry more frequently reported after 
PRT, it is well possible that this leads to differences in sexual activity compared to 
CC survivors after RHL. However, we are not informed about sexual activity before 
treatment and it is possible that women are less sexual active after treatment 
compared to the pre-treatment situation. The subgroup analysis comparing women 
after surgery followed by adjuvant radiotherapy with primary radiotherapeutic 
treatment contributes to the debate about morbidity after combined treatment 
for CC. Although only three items reached statistical significance, the largest 
differences on QoL scales are in favor of surgery followed by adjuvant radiotherapy 
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Table 2. Quality of Life (QoL) scores between primary surgery and primary radiotherapy 
(means ± standard deviation (SD)) RHL = radical hysterectomy with pelvic lymphadenectomy; PRT = primary 
(chemo)radiotherapy; * question(s) answered by 175 (RHL) and 31 (CRT) participants; ^ question answered by 
257 (RHL) and 57 (CRT) participants

RHL 
(n = 263)

PRT 
(n = 60)

p value

EORTC QLQ-C30

Functioning scales mean ± SD mean ± SD

Physical functioning 88.7 ± 14.8 81.7 ± 20.8 .003

Role functioning 84.2 ± 23.6 77.8 ± 27.4 .068

Emotional functioning 77.3 ± 22.1 78.2 ± 23.9 .792

Cognitive functioning 82.1 ± 22.4 82.5 ± 23.3 .909

Social functioning 82.4 ± 23.0 71.1 ± 31.6 <.001

Global Health-QoL 78.7 ± 60.3 70.7 ± 25.1 .313

Symptom scales

Fatigue 28.3 ± 25.6 32.4 ± 27.7 .266

Nausea and vomiting 4.5 ± 12.5 6.4 ± 12.7 .293

Pain 15.4 ± 24.1 18.3 ± 26.7 .405

Single item scales

Dyspnoea 11.1 ± 19.2 10.0 ± 17.7 .670

Insomnia 23.8 ± 28.8 31.1 ± 33.0 .087

Appetite Loss 6.7 ± 18.5 11.1 ± 19.1 .099

Constipation 16.5 ± 26.2 8.9 ± 20.2 .036

Diarrhoea 7.3 ± 16.1 16.7 ± 26.4 <.001

Financial difficulties 11.8 ± 25.4 22.2 ± 35.7 .009

EORTC QLQ-CX24

Multi-item scales mean ± SD mean ± SD

Symptom experience 13.6 ± 11.1 19.5 ± 14.9 .001

Body image 20.6 ± 25.1 25.4 ±30.7 .202

Sexual/vaginal functioning* 17.7 ± 20.9 32.3 ± 31.3 .001

Single item scales

Lymphedema 26.7 ± 32.0 10.6 ± 24.2 <.001

Peripheral neuropathy 16.0 ±24.5 23.9 ± 33.7 .037

Menopausal symptoms 27.3 ± 33.3 31.7 ± 31.5 .350

Sexual worry^ 14.5 ± 26.3 26.3 ± 33.8 .004

Sexual activity 30.9 ± 27.0 21.7 ± 25.9 .017

Sexual enjoyment* 64.4 ± 31.1 53.7 ± 36.2 .089
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if indicated. Prior to obtaining surgical/pathological information it is difficult to 
predict a patient’s individual risk for adjuvant radiotherapy. In this study on FIGO 
stage IB/II cervical cancer, 23% of all patients with in the RHL group received 
post-operative radiotherapy. In the literature, the morbidity of multimodality 
treatment is often compared to that of surgery only (13, 30, 33). However, in the 
clinical settings the choice that has to be made is between surgery with a chance 
of adjuvant treatment or primary radiotherapy. The only randomized controlled 
trial (RCT) on this topic showed more treatment related morbidity after combined 
treatment compared to primary radiotherapy (23). However, the outcome measure 
used in that study was based on treatment related complications and not self-
reported morbidity and is thereby difficult to compare with questionnaire studies.  
Recently, last patients are included in the EORTC 55994 study, a prospective study 
randomizing between neoadjuvant chemotherapy followed by radical surgery or 
primary chemo-radiotherapy for bulky IB/IIA and IIB CC. Since survival as well as 
treatment related toxicity and self-reported morbidity and QoL are assessed, this 
study might generate more directions for clinical practice concerning this topic. 
Preferences for treatment-related adverse events among women treated for 
cervical cancer vary depending on multiple demographic, disease and treatment 
factors (39). Quality of life assessment is defined by individual factors which are 
changing with time (40). Physicians should discuss possible disease- and treatment 
related problems before and after treatment.
Based on the treatment-specific adverse events elucidated by our study and 
knowing that survival rates are similar, physicians have access to the information 
needed to optimally counsel their patients so they can make a well-informed 
decision in line with their personal preferences.



97

LONG TERM MORBIDITY AND QOL AFTER SURGERY OR RADIOTHERAPY AS PRIMARY TREATMENT

Ta
bl

e 
3.

 R
es

ul
ts

 o
f m

ul
tiv

ar
ia

te
 re

gr
es

sio
n 

an
al

ys
es

 (β
 a

nd
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

 (C
I))

RH
L 

= 
ra

di
ca

l h
ys

te
re

ct
om

y 
w

ith
 p

el
vi

c 
ly

m
ph

ad
en

ec
to

m
y;

 re
f =

 re
fe

re
nc

e

Ag
e

(y
ea

rs
)

Fo
llo

w
 u

p
(y

ea
rs

)
Pa

rt
ne

r
(n

o 
= 

re
f)

Ch
ild

re
n

(n
o 

= 
re

f)
Ed

uc
ati

on
 le

ve
l

(lo
w

 =
 re

f)
Pr

im
ar

y 
tr

ea
tm

en
t

(R
H

L 
= 

re
f)

EO
RT

C 
Q

LQ
-C

30
β 

(9
5%

 C
I)

β 
(9

5%
 C

I) 
β 

(9
5%

 C
I)

β 
(9

5%
 C

I) 
β 

(9
5%

 C
I)

β 
(9

5%
 C

I)

Ph
ys

ic
al

 fu
nc

tio
ni

ng
-0

.2
8 

(-0
.4

8 -
 -0

.0
8)

-0
.2

7 
(-0

.8
3 

– 
0.

29
)

0.
03

 (-
0.

21
 –

 0
.2

8)
-0

.0
3 

(-0
.2

1 
– 

0.
15

)
-0

.0
3 

(-0
.1

8 
– 

0.
12

)
-6

.0
1 

(-1
0.

6 
– -

1.
45

)

So
ci

al
 fu

nc
tio

ni
ng

0.
19

 (-
0.

13
 –

 0
.5

1)
-0

.6
9 

(-1
.5

8 
– 

0.
20

)
0.

10
 (-

0.
30

 –
 0

.4
9)

0.
04

 (-
0.

26
 –

 0
.3

3)
-0

.1
0 

(-0
.3

4 
– 

0.
13

)
-1

5.
2 

(-2
2.

5 -
 -7

.8
6)

Co
ns

tip
ati

on
-0

.4
4 

(-0
.7

6 -
 -0

.1
3)

0.
01

 (-
0.

89
 –

 0
.8

6)
-0

.0
3 

(-0
.4

1 
– 

0.
36

)
0.

04
 (-

0.
25

 –
 0

.3
3)

0.
12

 (-
0.

11
 –

 0
.3

5)
-5

.9
2 

(-1
3.

1 -
 1

.2
3)

Di
ar

rh
oe

a
-0

.1
3 

(-0
.3

6 
– 

0.
10

)
0.

65
 (0

.0
5 

– 
1.

29
)

-0
.0

9 
(-0

.3
7 

– 
0.

20
)

-0
.0

8 
(-0

.2
9 

– 
0.

13
)

-0
.0

1 
(-0

.1
7 

– 
0.

17
)

9.
98

 (4
.7

2 
– 

15
.2

)

Fi
na

nc
ia

l p
ro

bl
em

s
-0

.0
8 

(-0
.4

2 
– 

0.
27

)
-0

.4
5 

(-1
.4

1 
– 

0.
52

-0
.1

5 
(-0

.5
7 

– 
0.

28
)

-0
.1

2 
(-0

.4
4 

– 
0.

19
)

0.
03

 (-
0.

23
 –

 0
.2

8)
10

.9
 (2

.9
9 

– 
18

.8
)

EO
RT

C 
Q

LQ
-C

X2
4

β 
(9

5%
 C

I) 
β 

(9
5%

 C
I) 

β 
(9

5%
 C

I)
β 

(9
5%

 C
I)

β 
(9

5%
 C

I) 
β 

(9
5%

 C
I)

Sy
m

pt
om

 e
xp

er
ie

nc
e

-0
.0

6 
(-0

.2
1 

– 
0.

09
)

0.
30

 (-
0.

12
 –

 0
.7

1)
0.

02
 (-

0.
16

 –
 0

.2
1)

-0
.0

2 
(-0

.1
6 

– 
0.

11
)

0.
01

 (-
0.

10
 –

 0
.1

2)
6.

13
 (2

.7
2 

– 
9.

53
)

Se
xu

al/
va

gin
al 

fu
nc

tio
ni

ng
0.

73
 (0

.3
5 

– 
1.

11
)

-0
.7

3 
(-1

.6
9 

– 
0.

22
)

0.
06

 (-
0.

31
 –

 0
.4

3)
0.

28
 (-

0.
09

 –
 0

.6
5)

0.
03

 (-
0.

19
 –

 0
.2

4)
11

.4
 (2

.8
5 

– 
20

.0
)

Ly
m

ph
ed

em
a

-0
.0

7 
(-0

.4
6 

– 
0.

32
)

-0
.1

4 
(-1

.2
2 

– 
0.

94
)

0.
00

4 
(-0

.4
7 

– 
0.

48
)

0.
11

 (-
0.

24
 –

 0
.4

6)
-0

.1
8 

(-0
.4

6 
– 

0.
10

)
-1

6.
1 

(-2
4.

8 -
 -7

.2
4)

Pe
rip

he
ra

l n
eu

ro
pa

th
y

0.
22

 (-
0.

12
 –

 0
.5

5)
0.

34
 (-

0.
58

 –
 1

.2
7)

-0
.2

2 
(-0

.6
3 

– 
0.

18
)

0.
17

 (-
0.

13
 –

 0
.4

8)
0.

13
 (-

0.
11

 –
 0

.3
7)

7.
37

 (-
0.

17
 –

 1
4.

9)

Se
xu

al
 w

or
ry

0.
07

 (-
0.

28
 –

 0
.4

2)
-0

.8
4 

(-1
.8

2 
– 

0.
14

)
0.

22
 (-

0.
21

 –
 0

.6
5)

0.
02

 (-
0.

30
 –

 0
.3

3)
0.

19
 (-

0.
06

 –
 0

.4
5)

11
.3

 (3
.2

1 
– 

19
.3

)

Se
xu

al
 a

cti
vi

ty
-1

.1
0 

(-1
.4

2 -
 -0

.7
9)

1.
54

 (0
.6

8 
– 

2.
41

)
0.

13
 (-

0.
26

 –
 0

.5
1)

-0
.3

0 
(-0

.5
8 -

 -0
.0

1)
0.

05
 (-

0.
18

 –
 0

.2
8)

-5
.0

5 
(-1

2.
1 

– 
2.

04
)

  6



CHAPTER 6

98

Table 4. Subgroup analysis - Quality of Life (QoL) scores between primary surgery with 
adjuvant radiotherapy and primary radiotherapy 
(means ± standard deviation (SD)) RHL = radical hysterectomy with pelvic lymphadenectomy; PRT = primary 
(chemo)radiotherapy; * question(s) answered by 36 (RHL) and 30 (CRT) participants; ^ question answered by 60 
(RHL) and 57 (CRT) participants

RHL+RT 
(n = 61)

PRT 
(n = 60)

p value

EORTC QLQ-C30

Functioning scales mean ± SD mean ± SD

Physical functioning 87.5 ± 14.6 81.7 ± 20.8 .076

Role functioning 79.8 ±24.9 77.8 ± 27.4 .675

Emotional functioning 73.9 ± 22.6 78.2 ± 23.9 .313

Cognitive functioning 77.3 ± 27.6 82.5 ± 23.3 .267

Social functioning 85.3 ± 20.0 71.1 ± 34.6 .007

Global Health-QoL 72.7 ± 19.5 70.7 ± 25.1 .628

Symptom scales

Fatigue 35.0 ± 25.5 32.4 ± 27.7 .597

Nausea and vomiting 7.1 ± 16.5 6.4 ± 12.7 .790

Pain 15.8 ± 26.7 18.3 ± 26.7 .589

Single item scales

Dyspnoea 14.8 ± 21.5 10.0 ± 17.7 .187

Insomnia 30.1 ± 33.0 31.1 ± 33.0 .860

Appetite Loss 12.6 ± 24.5 11.1 ± 19.1 .716

Constipation 12.6 ± 20.3 8.9 ± 20.2 .320

Diarrhoea 10.4 ± 18.8 16.7 ± 26.4 .134

Financial difficulties 14.8 ± 28.9 22.2 ± 35.6 .207

EORTC QLQ-CX24

Multi-item scales mean ± SD mean ± SD

Symptom experience 14.7 ± 9.7 19.5 ± 14.9 .039

Body image 24.2 ± 27.5 25.4 ± 30.7 .829

Sexual/vaginal functioning* 21.8 ± 23.9 32.3 ± 31.3 .122

Peripheral neuropathy 13.7 ± 23.1 23.9 ± 33.7 .053

Menopausal symptoms 24.6 ± 31.0 31.7 ± 31.5 .216

Sexual worry^ 21.7 ± 31.2 26.3 ± 33.8 .440

Sexual activity 30.1 ± 30.9 21.7 ± 25.9 .108

*Sexual enjoyment* 73.1 ± 32.7 53.7 ± 36.2 .024
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ABSTRACT
Introduction

Radical hysterectomy with pelvic lymphadenectomy is the treatment of choice for 
early-stage cervical cancer. Wertheim’s original technique has been often modified, 
mainly in the extent of parametrectomy. Okabayashi’s technique is considered 
as the most radical variant regarding removal of the ventral parametrium and 
paracolpal tissue. Surgical outcome concerning recurrence and survival is good, but 
morbidity is high due to autonomic nerve damage. While the autonomic network 
has been studied extensively, the lymphatic system is less understood. This study 
describes the lymphatic drainage pathways of the cervix uteri and specifically the 
presence of lymphatics in the vesico-uterine ligament (VUL).

Methods

A developmental series of 10 human female fetal pelves was studied. Paraffin 
embedded blocks were sliced in transverse sections of 8 or 10 µm. Analysis was 
performed by staining with antibodies against LYVE-1 (lymphatic endothelium), 
S100 (Schwann cells), alpha-Smooth Muscle Actin (smooth muscle cells) and CD68 
(macrophages). The results were three-dimensionally represented. 

Results

Two major pathways drained the cervix uteri: a supra-ureteral pathway, running 
in the cardinal ligament superior to the ureter, and a dorsal pathway, running in 
the utero-sacral ligament towards the rectal pillars. No lymph vessels draining the 
cervix uteri were detected in the VUL. In the paracolpal parametrium lymph vessels 
draining the upper vagina fused with those from the bladder. 

Conclusions

The VUL does not contain lymphatics from the cervix uteri. Hence, the favourable 
survival outcomes of the Okabayashi technique cannot be explained by radical 
removal of lymphatic pathways in the ventro-caudal parametrium. 

INTRODUCTION 
Worldwide, 530.000 new cases of cervical cancer leading to 275.000 deaths are 
being reported annually (1). In early-stage cervical cancer, where the tumour is 
limited to the cervix uteri and/or upper vagina, radical hysterectomy with pelvic 
lymphadenectomy (RHL) is the treatment of choice. The first large series of 
abdominal RHL was described by Wertheim, who carried out an en-bloc resection 
of the uterus, surrounding parametrium and upper vagina (2, 3) Meigs added the 
pelvic lymphadenectomy to this procedure (4) and since that time the Wertheim-
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Figure 1. The parametrium can be divided in four surgical directions based on the Leiden TNM classification. 
Ventral (V) 1: superficial layer of VUL; V2: medial part of the deep layer of VUL; V3: lateral part of the deep layer 
of VUL. Lateral (L) 1: medial to the ureter; L2: between ureter and pelvic side wall; L3: until the pelvic side wall. 
Caudal (C) 1: above the ureter; C2: above the deep uterine vein; C3: underneath the deep uterine vein. Dorsal 
(D) 1: between the uterus and rectum; D2: at the anterior rectal border; D3: halfway the rectal circumference. 
Note: the ureter (U) passes through the lateral, ventral and upper caudal parametrium. The uterine artery 
(Ut.a.) runs in the lateral parametrium, whereas the deep uterine vein (D.v.) proceeds in the lateral and caudal 
parametrium.  Ut: uterus, B: bladder, R: rectum.
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Meigs radical hysterectomy with pelvic lymphadenectomy has been  considered 
worldwide as the standard surgical treatment for International Federation of 
Gynecology and Obstetrics (FIGO) stage IB and IIA cervical cancer (5). Okabayashi 
modified this technique in the early 1920’s by removing the deep layers of the vesico-
uterine ligament (VUL) enabling complete separation of the bladder with the ureter 
from the lateral side of the cervix uteri and vagina (6). Though surgical outcome in 
terms of local recurrences and survival is very good performing this radical type of 
RHL (7, 8), morbidity is high.  Difficulties in or incomplete emptying of the bladder is 
reported in 45-51% (9), caused by damage of the efferent branches of the inferior 
hypogastric plexus running in the deep layers of the VUL. Several modifications 
of RHL have been reported differing mainly in the extent of parametrectomy. 
Querleu and Morrow described a classification system based on the extensiveness 
of different RHL techniques (10) founded on the outdated classification of Piver 
and colleagues (5). However, RHL can be very extensive laterally and less extensive 
dorsally. The Leiden TNM classification has been developed in order to describe 
the extensiveness of the parametrectomy in all directions (11), based on the well-
known TNM system for the description of various tumours in categories for tumour 
extension (T), nodal disease (N) and distant metastasis (M). “Parametrium” is a 
universally accepted term to refer to the tissue surrounding the uterus, although 
it actually belongs to the endopelvic fasciae. However, we will continue to use the 
term “parametrium” in order to use the most widely accepted nomenclature. Four 
surgical parametrial extensions can be distinguished (ventral, lateral, caudal and 
dorsal) based on the Leiden TNM classification (figure 1).  Nonetheless, the clinical 
role of the extent of parametrectomy in cervical cancer is still a matter of debate. 
The fact that cervical cancer mainly spreads via local tumour growth and lymphatics 
underlines the importance of accurately removing the draining lymph vessels 
besides pelvic lymph nodes. Several studies have been conducted in order to reveal 
locations for parametrial and pelvic lymph node metastasis (12-15). However, 
detailed descriptions based on microscopic analysis about specific organ-draining 
lymphatic pathways are missing. The human lymphatic system starts to develop 
out of lymph sacs that arise from developing veins by the end of the 5th embryonic 
week. The main lymphatics are formed by a number of separate primordia: the 
paired jugular and axillary lymph sacs and paratracheal, internal thoracic, lumbar 
and iliac lymph plexuses. These primordia lose their venous connections, rapidly 
enlarge, fuse with another and send out sprouts into peripheral regions. By the end 
of the embryonic period (11th week), the definitive pattern of the major lymphatics 
can be recognized and formation of new primordia has stopped (16). 
We hypothesised that the good survival rates of the Okabayashi technique might 
be explained by accurate removal of lymphatic pathways in the ventro-caudal 
parametrium draining the cervix uteri. A developmental series of human fetal 
pelves was studied in order to reveal the lymphatic drainage pathways of the cervix 
uteri and their connections with those of the bladder and rectum during different 
stages of development. Specifically, we focused on the presence of lymph vessels 
in the VUL. Our results are represented in a 3D reconstruction.  
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METHODS
Material

A developmental series of ten human female fetuses with an embryonic stage of 10, 
10·5, 11, 12, 14, 15, 16, 19, 20 and 24 weeks from collections of the Department of 
Anatomy and Embryology of Leiden University Medical Center, the Department of 
Anatomy and Embryology of the Academical Medical Center and from collections 
of the University of Warsaw in Poland was studied. We specifically chose to study 
this material as the usage of embryos allowed accurate exploration of the 3D 
anatomy of the human pelvic lymphatic system. The fetuses were obtained with 
informed consent after legal abortion or miscarriage and no congenital macroscopic 
malformations of the pelves were observed. The bony pelvis was manually removed 
in the fetuses aged 14 and 15 weeks. The remaining fetuses were decalcified in an 
Ethylenediaminetetraacetic acid (EDTA) 10% solution for 72 hours. 

Immunohistochemistry

Paraffin sections of 8 or 10 µm were alternately stained with hematoxylin and 
eosin, and azan. Selected sections were alternately stained with antibodies against 
LYVE-1 (ReliaTech), S100 (DAKO), alpha-Smooth Muscle Actin (Sigma-Aldrich) 
and CD68 (DAKO). LYVE-1 was used to detect lymphatic endothelial cells. S100 
was used to stain Schwann cells in order to reveal the peripheral neural network.  
Alpha-Smooth Muscle Actin was used to detect vascular and visceral smooth 
muscle fibres and applied to distinguish between blood and lymph vessels. CD68 
is a general marker of various lineages of macrophages and was used to show 
immature and mature macrophages. Between all steps, sections were rinsed twice 
with phosphate-buffered saline (PBS) and once with PBS/0.05% Tween-20 unless 
indicated otherwise. After deparaffinization and rehydration in graded ethanol, 
antigen retrieval was performed by heating the sections (12 min to 98º C) in citric 
acid buffer (0.01 Mol/L, pH 6.0), except for CD68 where a Tris/EDTA buffer (pH 9.0) 
was used. Inhibition of endogenous peroxidase was performed by incubating the 
sections for 20 minutes in PBS with 0.3% H2O2. Sections were incubated overnight 
with primary antibodies LYVE-1 (1/500 µl), S100 (1/10.000 µl), alpha-Smooth 
Muscle Actin (1/10.000 µl) and CD68 (1/1.000 µl) diluted in PBS-BSA/ Tween-20. 
Hereafter, sections were incubated for 45 minutes with biotin-labelled secondary 
antibody (goat-anti-rabbit, BA-1000, Vector Labs) and additionally incubated with 
Vectastain ABC staining kit (PK-6100, Vector Labs) for 45 minutes. The sections 
stained with alpha-Smooth Muscle Actin were treated only with a secondary 
antibody (rabbit-anti-mouse, P-0260, DAKO). Before visualization, these sections 
were rinsed twice with PBS and once with Tris/Maleate (pH 7.6). Visualization 
was performed with 3-3’diaminobenzidin tetrahydrochloride as a chromogen and 
hematoxilin was used as a counterstaining. These sections were mounted with 
Entellan (1.07961.0100, Merck). Selected sections were double-stained with CD68 
and LYVE-1 and incubated for one hour with Alexa Fluor® 488 (donkey anti-rabbit, 
A-11055, Invitrogen) and Alexa Fluor® 647 (donkey anti-mouse IgG, A-31571, 
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Invitrogen).  Nuclei were stained with 4’, 6-diamidino-2-phenylindole (DAPI) and 
sections were mounted in ProLong Gold (Molecular Probes, Life Technologies) after 
rinsing twice in PBS.

Image processing

A 3D reconstruction was made of the pelvic lymphatics and autonomic nerves, 
based on the fetus aged 14 weeks.  Micrographs were made using an Olympus 
AX70-microscope with an Olympus D12 camera. One in twenty sections of the 
investigated area was used for the reconstruction, creating a cross-sectional 
interval of 160 µm. Amira® software package version 5.3.3 (Template Graphics 
Software; Visage Imaging, San Diego, California, USA) was used for the 2D labelling 
of anatomical structures and DeVIDE software (17) was used to create the actual 3D 
reconstruction. Fluorescent images were taken with an Olympus IX70 microscope 
equipped with a Leica DFC340 FX camera using LAS AF software (Leica). 

RESULTS
Development of the pelvic lymphatics

We recognized lymph vessels by endothelial LYVE-1 positivity and the absence 
of red blood cells and smooth muscle fibres. In all fetuses, prominent lymphatic 
plexuses were seen around the common, internal and external iliac arteries and 
the obturator arteries. In the fetuses aged 10 and 10.5 weeks, extensive lymphatic 
plexuses were seen at the pelvic side walls, but real pathways were not detectable. 
In the 11th week, organ-draining pathways could be identified and developed rapidly 
into clear visible pathways. Lymph vessels from the cervix uteri were connected 
with those from the bladder and rectum before draining into the plexuses. In the 
12th week, the ventro-dorsal connection between lymph vessels of the cervix uteri 
and rectum disappeared with the developing mesorectum and mesorectal fascia. 
From the 14th week onwards, an apparent horseshoe-shaped fascia was noticeable 
extending from the ventrolateral cervical angle towards the lateral parametrium 
(figure 2). It formed a continuous border between the bladder and cervix, while 
keeping the ureter and major nerve bundles branching from the IHP on its lateral 
side. 
 At the time this fascia was formed, there were no more connections detectable 
between bladder, cervix uteri and rectum. Instead, primarily medial-lateral 
pathways were detected that drained from the individual organs into the laterally 
situated plexuses. This fascia did not define any surgical parametrial extension, as 
it ran from the ventral parametrium (V1) throughout the lateral parametrium (L1) 
and disappeared in the latter. 
In the fetuses aged 14 weeks or more, single cells with LYVE-1 positivity were 
seen. Double-staining with LYVE-1 and CD68 showed that these single cells were 
macrophages (supplementary figure S3). Hence, we rejected the hypothesis that 
these cells could be early precursors of a lymphatic capillary network. 
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Lymphatic drainage pathways in the parametrium

Two major lymphatic pathways from the cervix uteri could be recognized in all 
embryonic stages from week 14th onwards. In the lateral parametrium (L1), a clear 
medial-lateral pathway draining the cervix uteri was visible crossing the ureter 
superiorly, being referred as the supra-ureteral pathway (figure 4). This pathway 
was located within the superior part of the CL and ran along the uterine artery (L2). 
At the lateral side of the ureter, it fused with lymph vessels from the bladder just 
before draining into the plexuses located at the obturator fossa (L3). 

A second lymphatic pathway from the cervix uteri emerged in the dorsal 
parametrium (D1), coursing directly medial to the IHP and running in the USL 
towards the rectal pillars (D2, D3; figure 5). This pathway was no longer connected 
with the rectal lymphatic pathways. More superiorly, this so-called dorsal pathway 
had two directions: it fused with the supra-ureteral pathway, and in the most 
superior part of the USL some lymph vessels merged with lymph vessels draining 
the ureter (supplementary figure S6).
In all studied fetuses from the 14th week onwards (n=6), the VUL did not contain 
lymph vessels draining the cervix uteri (supplementary figure S7). The lymph 
vessels found in the superficial (V1) and deep (V2, V3) layers of the VUL were all of 
bladder origin. A difference was seen in the number of lymph vessels in the VUL; 
the fetus of 15 weeks hardly contained lymph vessels in the superficial and deep 
layers of the VUL, whereas in the fetus aged 14 weeks clearly more lymph vessels 
were found. Drainage from the bladder occurred from its total circumference in 
a dorsolateral direction and lymph vessels mainly passed the ureters laterally. A 
minority passed the ureters medially, but did not connect with lymph vessels from 
the cervix in the VUL. These findings are represented three-dimensionally (figure 8) 
and an interactive PDF of the same model can be explored online: http://graphics.
tudelft.nl/pub/3Dreconstruction.pdf. 
The deep layers of the VUL contained a few lymph vessels from the upper vagina as 
well. These lymph vessels became less prominent during embryonic development. 
In the 11th and 12th week, a small pathway was found running from the anterolateral 
upper vagina towards the lymph plexuses at the pelvic side wall. When the VUL 
gained more volume in later embryonic stages, this pathway was diminished to a 
small lymph vessel directly attached to the ventrolateral angle of the upper vagina 
(C2) running in a dorsolateral direction and fusing with the supra-ureteral pathway. 
Moreover, the most important drainage pathway from the upper vagina ran from 
its dorsolateral angle towards the USL. In the lateral paracolpal parametrium (C3), 
this pathway fused with lymph vessels from the bladder forming a ventro-dorsal 
connection (figure 9). Superiorly, such a connection was not detectable, because 
the above described fascia formed a boundary. 
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Figure 2. Transverse azan stained (a, b) and S100 stained (c) adjacent sections of a female fetus aged 14 weeks 
at the level where the ureters (U) are lateral to the uterus (Ut). The yellow arrowheads (2a) point out the 
horseshoe-shaped fascia. The black arrowheads in detail window 2b point out lymph vessels from the cervix 
uteri, whereas the black arrows show lymph vessels from the bladder. The fascia forms a border and keeps the 
nerves on its lateral side (dotted line in detail window 2c). Nerves are depicted by stars, D: pouch of Douglas, B: 
bladder. Scale bar overview 500 µm; detail 200 µm.
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Figure 3. Transverse sections double stained with LYVE-1 and CD68 of a female fetus aged 
15 weeks at the level of the deep layer of the VUL. The white arrows show lymph vessels 
with LYVE-1 positivity. The white arrowheads show LYVE-1 positive single cells with CD68 
positivity revealing their identity as macrophages. Some macrophages do not show LYVE-
1 positivity but only CD68 positivity (indicated by the white stars).

Figure 4. Transverse LYVE-1 stained (a,b) and SMA stained (c,d) adjacent sections of female 
fetus aged 14 weeks at the level where the ureters (U) are dorsolateral to the uterus (Ut). 
Figure 4b is a detail window from overview figure 4a. The black arrowheads in figure 4b 
show lymph vessels around the uterine artery (Ut.a.) crossing the ureter superiorly. Figure 
4d is a detail window from overview figure 4c. The black arrowheads show that lymph 
vessels do not contain smooth muscle fibres. D: pouch of Douglas. Scale bar overview 
500 µm; detail 200 µm.
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DISCUSSION
So far, studies on patterns of lymphatic spread of cervical cancer mainly focused 
on detecting solid parametrial and pelvic lymph nodes. One of the studies that 
contributed the most was conducted by Benedetti-Panici and colleagues, who 
microscopically examined 109 giant section specimens of patients with early-stage 
and locally advanced cervical cancer (14). The study demonstrated the presence 
of metastatic and non-metastatic parametrial lymph nodes in the superficial and 
deep layers of the VUL, the USL and the distal part of the lateral parametrium. 
Although this confirmed that paracervical tissue forms a major route for lymphatic 
spread of cancer, the study did not reveal any specific organ-draining lymphatic 
pathways. Hence, the clinical question on the extent of parametrectomy cannot 
be resolved by their study. Ercoli and colleagues recently studied the paracervical 
lymphatic pathways by injection of Lipiodol dye into 18 cadaveric cervices and 
distinguished a supra-ureteral, infra-ureteral and neural pathway in respectively 
96%, 22% and 7% of the cases (18). We confirmed microscopically the presence 
of a supra-ureteral pathway. The neural pathway could be in agreement with the 
lymph vessels draining from the ventro- and dorsolateral angle of the upper vagina, 
but we could not identify an infra-ureteral pathway in all fetuses. In the fetus aged 
12 weeks, a pathway was observed running inferior to the ureter to the obturator 
fossa. However, in the elder fetuses this could not be confirmed. The developing 
mesoureter expanding between the ureter and USL could function as a border 
where lymphatics in a certain embryonic stage cannot run through anymore. 
Perhaps this pathway could be an anatomical variation considering the identification 
with Lipiodol dye in a minority of the cadavers. A dorsal pathway was surprisingly 
not visualized by Ercoli and colleagues. Removal of the lateral parametrium is 
uniformly performed during RHL in early-stage cervical cancer, but the extent of 
resection of the ventral, caudal and dorsal parametrium is still questioned. Several 
nerve sparing techniques have been developed differing mainly in the resection 
of the USL and VUL (19, 20). Höckel developed the concept of total mesometrial 
resection (TMMR), where the uterus is removed based on an embryologically 
defined ontogenetic unit. The deep layers of the VUL are not removed in a TMMR, 
but the USL are widely extirpated while preserving the IHP (21-23). Höckel did not 
show that one of the two lymphatic drainage pathways from the cervix uteri runs in 
the USL. To the best of our knowledge, we are the first to immunohistochemically 
confirm the presence of lymph vessel draining the cervix uteri in the USL. Apart from 
that, we showed that this pathway has connections with lymph vessels draining the 
ureter, revealing the course of lymphatics throughout two distinct morphogenetic 
units. Specifically, resection of the deep layer of the VUL is on debate. While 
the Okabayashi technique is ultra-radical in removing the ventral and caudal 
parametrium, the Wertheim-Meigs and TMMR variant are less radical at this point. 
Surgical damage of autonomic nerves running in the ventro-caudal parametrium/ 
VUL in close relationship to the pelvic organs has proven to play a major role in post-



117

LYMPHATIC DRAINAGE PATHWAYS FROM THE CERVIX UTERI

Figure 5. Transverse LYVE-1 stained (a,b) and S100 stained (c) adjacent stained sections 
of a female fetus aged 15 weeks at the level where the inferior hypogastric plexus (IHP) 
is situated laterally to the cervix uteri (C) and rectum (R). Figure 5b is a detail window 
from overview figure 5a, showing the lymph vessels (black arrowheads) in the dorsal 
parametrium. The black arrowheads in figure 5c show that the dorsal pathway is situated 
medial to the IHP. Nerves are brown, D: pouch of Douglas, R: rectum. Scale bar overview 
500 µm; detail 200 µm.

Figure 6. Transverse HE stained section of a female fetus aged 15 weeks at the level where 
the ureter (U) passes the uterus (Ut). Figure 6b is a detail window from figure 6a, showing 
that the lymph vessels from the cervix uteri (black arrowheads) flow in the lymph vessels 
draining the ureter (black arrows). Ut. a.: uterine artery, D: pouch of Douglas, R: rectum.  
Scale bar overview 500 µm; detail 200 µm.

  7



CHAPTER 7

118

operative dysfunctionalities (24, 25). In all studied fetuses, we could not detect 
lymph vessels draining the cervix uteri in the deep layers of the VUL. The lymphatic 
pathway draining the upper vagina runs in the paracolpal tissue and theoretically 
one can state that this should be removed as well. However, the appearance of 
this pathway was very small and diminished during embryonic development. In 
daily clinical practice, this pathway should be automatically included in any RHL 
as the en-bloc specimen contains the upper vagina and the surrounding vaginal 
cuff. Hence, the more favourable recurrence and survival rates of the Okabayashi 
technique (7, 8) cannot be explained by the presence of lymphatic pathways in the 
deep layers of the VUL. A possible explanation for the better surgical outcome using 
this technique could be the more extended pelvic lymphadenectomy in comparison 
to less radical procedures. Another hypothesis is that the connected lymph vessels 
of bladder and upper vagina cause retrograde metastasis. Occlusion of upper 
lymphatic drainage pathways resulting from advanced lymphatic metastasis could 
cause lymphatic flow regurgitation (26) and enhance retrograde lymphatic spread. 
Finally, direct tumour extension, as can be seen in the lateral parametrium, could 
also be present in this posterior layer of the VUL. The latter indicates a possible 
benefit of removing the deep layers of the VUL. Lymphatic pathways in the 
parametrium have never been studied immunohistochemically. Based on a recent 
wave of discoveries of lymphatic endothelial markers (27), substantial progress in 
the understanding of the development and molecular mechanisms controlling the 
lymphatic system has been made during the last few years. Studying the pelvic 
lymphatic system in embryos has its limitations though. Accurate knowledge of 
the normal development of the human lymphatic system is necessary to interpret 
the results. LYVE-1 is a well-known marker to identify lymphatic endothelial cells 
(LECs). In early embryonic stages veins might be LYVE-1 positive as well, given the 
fact that the lymphatic system develops out of the venous system (28). However, in 
the 5th week LYVE-1 positivity shifts to solely LECs (29). LECs remain LYVE-1 positive 
during development (27), but the expression might be diminished as the capillary 
lymphatic plexus matures to collecting lymphatic vessels (30). Furthermore, LYVE-1 
can be also expressed in tissue macrophages (31), as we showed in our fetuses as 
well. Both limitations in the use of LYVE-1 to recognize the different developmental 
phases in the formation to a mature lymphatic network emphasize the importance 
to conduct a similar immunohistochemical study on adult pelves. Although we 
consistently found a uniform distribution pattern of lymphatic drainage pathways 
from the cervix uteri towards the pelvic plexuses in all fetuses aged 14 to 24 
weeks, significant changes could occur in later developmental stages or even 
under pathological circumstances. Moreover, it is highly important to examine the 
presence of the horseshoe-shaped fascia in adult pelves.
In conclusion, we have identified a supra-ureteral pathway and dorsal pathway as 
major lymphatic drainage pathways of the cervix uteri in fetal pelves. The superficial 
and deep layers of the VUL did not contain lymph vessels draining from the 
cervix uteri. Thus, the favourable survival outcomes of the Okabayashi technique 
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Figure 7. Transverse LYVE-1 stained (a, c, e, g) and azan stained (b, d, f, h) adjacent 
sections from a female fetus aged 14 weeks at four levels in the VUL: the upper vagina 
(a, b), the distal cervix uteri (c, d), when the ureters approach the bladder (e, f) and 
where the ureters pass lateral the uterus (g, h). The fascia (yellow arrowheads) is being 
formed in the superficial layer of the VUL, when the ureters approach the bladder (black 
arrowheads in figure 6f) and forms a border between lymph vessels from the cervix uteri 
(black arrowheads in LYVE-1 stained sections) and bladder (black arrows in LYVE-1 stained 
sections). The VUL contains lymph vessels from the bladder. B: bladder, V: vagina, C: cervix 
uteri, Ut: uterus, U: ureter. Scale bar 200 µm.
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Figure 8. A 3D reconstruction of a female fetus aged 14 weeks showing the lymph vessels 
from the bladder (green), lymph vessels from the cervix uteri (blue) in relationship to the 
autonomic nerves (yellow) and pelvic organs. Figure 8a and b show a superior view on 
the lymphatics from the bladder (B) and rectum (R), revealing a supra-ureteral pathway 
(upper left arrow) and a dorsal pathway (upper right arrow). The VUL contains only lymph 
vessels from the bladder (lower arrow). Figure 8c offers a lateral view (sliced from 3D 
model, as is shown in upper left window). There is no connection between lymphatics 
from the bladder and cervix uteri (Ut) in the VUL (upper arrow). Laterally from the ureter, 
lymph vessels from the bladder fuse with those from the supra-ureteral pathway (lower 
arrow).  
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Figure 9. Transverse HE stained (a, b), SMA stained (c) and LYVE-1 (d) stained adjacent 
sections of a female fetus aged 15 weeks at the level of the upper vagina (V). At the level 
of the upper vagina, lymph vessels from the bladder depicted with the black arrows (b, 
c, d) flow into the lymph vessels from the upper vagina which are pointed out by the 
black arrowheads (b, c, d). B: bladder, D: pouch of Douglas. Scale bar overview 500 μm; 
detail 200 μm.

cannot be explained by radical removal of lymphatic pathways in the ventro-
caudal parametrium. Based on our findings, we might postulate that a V1C2L3D3 
resection would be sufficient in early-stage cervical cancer. Currently we stick to the 
traditional Okabayashi technique in larger tumours, because in these cases direct 
tumour extension into the deep ventral parametrium (V2, V3) might be clinically 
important. Nevertheless, 3D exploration of the human fetal anatomy requires 
accurate verification in human adult tissue. Forthcoming immunohistochemical 
studies should be focused on evaluating the presence of lymphatics in the deep 
ventral parametrium (V2, V3) in human adult tissue. The infra-ureteral pathway, 
defined by Ercoli and colleagues but not confirmed in our study, must be analysed 
as well.  Moreover, studies should be focused on elucidating the anatomical ground 
of Okabayashi’s technique’s favourable results. Once our results have been verified 
in human adult tissue, appropriate modification of parametrectomy during RHL 
would be clinically justified.
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ABSTRACT
Introduction

Radical hysterectomy with pelvic lymphadenectomy (RHL) is the preferred 
treatment for early-stage cervical cancer. Although oncological outcome is good 
in terms of recurrence and survival rates, it is well-known that RHL might result 
in postoperative bladder impairments due to autonomic nerve disruption. The 
pelvic autonomic network has been extensively studied, but the anatomy of 
nerve fibres branching off the inferior hypogastric plexus (IHP) to innervate the 
bladder is less known. Besides, the pathogenesis of bladder dysfunction after RHL 
is multifactorial, but remains unclear. We studied the three-dimensional anatomy 
and neuroanatomical composition of the vesical plexus and describe implications 
for RHL. 

Methods

Six female adult cadaveric pelves were macroscopically dissected. Additionally, a 
series of 10 female fetal pelves (embryonic age 10-22 weeks) was studied. Paraffin-
embedded blocks were transversely sliced in 8 µm sections. (Immuno)histological 
analysis was performed with haematoxylin & eosin, azan, and antibodies against 
S-100 (Schwann cells), Tyrosine Hydroxylase (TH; postganglionic sympathetic fibres) 
and Vasoactive Intestinal Peptide (VIP; postganglionic parasympathetic fibres). The 
results were three-dimensionally visualized.

Results

The vesical plexus formed a group of nerve fibres branching off the ventral part of 
the IHP to innervate the bladder. In all adult and fetal specimens, the vesical plexus 
was closely related to the distal ureter and located in both the superficial and deep 
layers of the vesico-uterine ligament (VUL). Efferent nerve fibres belonging to the 
vesical plexus expressed predominantly TH and little VIP.

Conclusions

The vesical plexus is located in both layers of the VUL and has a very close 
relationship with the distal ureter. Complete mobilization of the ureter in RHL might 
cause bladder dysfunction due to sympathetic and parasympathetic denervation. 
Hence, the distal ureter should be regarded as a risk zone in which the vesical 
plexus can be damaged.
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INTRODUCTION
Cervical cancer is the second most common cancer in women worldwide. 530.000 
new cases of this type of cancer leading to 275.000 deaths are being reported 
annually (1). Radical hysterectomy with pelvic lymphadenectomy (RHL) is the 
treatment of choice for early-stage cervical cancer, where the tumour is limited to 
the uterus and/ or upper vagina. Wertheim described the first large series of radical 
hysterectomy and carried out the en-bloc removal of the uterus, upper vagina 
and surrounding parametrium (2, 3). Meigs added a pelvic lymphadenectomy 
to this technique, after which the Wertheim-Meigs RHL has been considered 
as the standard surgical treatment for early-stage cervical cancer (4). Later on, 
Okabayashi modified this technique by removing also the deep layers of the 
vesico-uterine ligament (VUL) allowing complete separation of the bladder with 
the ureter from the lateral sides of the cervix uteri (5). Additional modifications 
of the technique of RHL have been described that differ mainly in the extent of 
parametrectomy. Nowadays, the oncological outcomes of RHL for early-stage 
cervical cancer are good in terms of local recurrence and survival rates (6). This has 
drawn the attention to the postoperative quality of life of women suffering from 
cervical cancer and requiring radical pelvic surgery. It is well known that RHL can 
lead to significant postoperative morbidity. Lower urinary tract dysfunction, such 
as urinary incontinence and voiding difficulties, has been frequently reported after 
RHL and is mainly caused by surgical damage of the pelvic autonomic nerves (7). 
The acknowledgement of surgical autonomic nerve disruption as the main factor 
contributing to postoperative morbidity has led to the development of nerve-
sparing RHL techniques (8). Several nerve-sparing techniques have been described 
in the literature and seem to be efficient and oncological safe in early-stage cervical 
cancer (6). Based on the operative classification system of Piver and colleagues (9), 
which was used to assess the radicality in RHL, Querleu and Morrow published 
a new operative classification system (10). This revised classification system also 
considered the importance of surgical preservation of the pelvic autonomic nerves 
and is now internationally accepted. Nevertheless, it is of crucial importance to 
have an excellent understanding of the anatomy of the pelvic autonomic network 
to perform good-quality nerve-sparing RHL. 
The pelvic autonomic nerves form an extensive network. It includes the superior 
hypogastric plexus (SHP), the hypogastric nerves (HN), the pelvic splanchnic 
nerves and the inferior hypogastric plexus (IHP) and its branching nerve fibres 
that essentially innervate the pelvic viscera (11). Although the pelvic autonomic 
network has been studied extensively, the nerve fibres that branch from the IHP to 
innervate essentially the pelvic organs have gained far less attention. The course of 
the neurovascular bundles in males is well-described, yet in females the course of 
the nerve branches innervating the bladder and genital organs is less known (12). 
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The aim of this study is to reveal the three-dimensional anatomy of the nerve fibres 
belonging to the vesical plexus that branch off the IHP to innervate the bladder. In 
addition, we aimed to elucidate the neuroanatomical composition of the vesical 
plexus so to relate postoperative complications to their nature. Forthcoming 
implications for nerve-sparing RHL are described.

MATERIAL AND METHODS
Adult cadaveric specimens

Six female human adult cadaveric pelves were studied at the department of Anatomy 
& Embryology at Leiden University Medical Center. This material was obtained 
through strict body donation legislation and regulations, which is subject to the 
Dutch national law. The donor bodies have been collected for medical research 
and education purposes after informed consent was given prior to death. None 
of the bodies had a history of pelvic surgery or pelvic pathology at post mortem 
examination. The donated bodies were preserved by injection of an embalming 
fluid in the femoral artery. After fixation, five female pelves were transected mid-
sagittally, and one female was left intact. All cadaveric pelves were studied by 
imitating the initial steps of TME as described by Heald et al (13). Photographs 
were taken with a Sony Cybershot DSC-H50 (Tokyo, Japan). One female cadaveric 
pelvic specimen was used to collect a tissue block comprising the distal ureter and 
surrounding VUL. This tissue block was dehydrated in graded ethanol and xylene, 
and embedded in paraffin.

Fetal cadaveric specimens

To further investigate the pelvic autonomic nerves, elucidate their neuroanatomical 
composition and create a 3D reconstruction, a developmental series of ten 
human female fetuses with an embryonic age of 10, 10.5, 11, 12, 14, 15, 16, 19, 
20 and 22 weeks was studied from collections in the Departments of Anatomy & 
Embryology, Leiden University Medical Centre and Academical Medical Center and 
from collections in the University of Warsaw in Poland. We specifically chose to 
study this material as the usage of embryos allowed accurate exploration of the 3D 
anatomy of the complete pelvic autonomic network in relation to all pelvic organs. 
All fetuses were obtained with informed consent after miscarriage or legal abortion 
according to the Dutch national law or after ethical approval was granted. No 
congenital pelvic malformations were discovered. The bony pelves of the fetuses 
aged 14 and 15 weeks were removed, whereas the other fetuses were decalcified 
in an Ethyldiaminetetraacid (EDTA) 10% solution for 72 hours. The fetal pelves were 
dehydrated in graded ethanol and xylene, and embedded in paraffin blocks. 
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Immunohistochemical staining

The female cadaveric tissue block was cut in 7 µm sections. The sections were stained 
with haematoxylin and eosin (H&E). The paraffin blocks of the fetal specimens 
were serially cut in transverse sections of 8 and 10 µm and alternately stained with 
H&E. Additional sections were selected for immunohistochemical analysis. Mouse 
anti- alpha-Smooth Muscle Actin (SMA; Sigma-Aldrich, A-2547), rabbit anti- S-100 
(S100; DAKO, Z-031101), sheep anti- Tyrosine Hydroxylase (TH; Fischer Emergo, PA-
14679) and rabbit anti- Vasoactive Intestinal Peptide (VIP; LifeSpan Biosciences, AB-
8556) were used to identify smooth muscle fibres, peripheral nerves, sympathetic 
adrenergic fibres and post-ganglionic parasympathetic fibres, respectively. The 
immunohistochemical protocol has been described elsewhere (14). 

Image acquisition

Consecutive sections of the fetus aged 14 weeks were used to create a 3D 
reconstruction. Micrographs were made with an Olympus AX70-microscope and 
Olympus D12 camera. One in twenty sections was used for the reconstruction 
creating a cross-sectional internal of 160 µm. Amira software package version 5.3.3 
(Template Graphics Software, Visage Imaging, San Diego, California, USA) was used 
for the two-dimensional labelling of anatomical structures. With DeVIDE software 
(15), the 3D volume was rendered and an interactive PDF file was created.

RESULTS
Adult cadaveric specimens

On a macroscopic level, the ‘holy plane’ of total mesorectal excision was recognized 
in all pelves between the parietal and visceral fascia as described by Heald et al (13). 
The rectum and surrounding mesorectum were mobilized by sharp dissection along 
the mesorectal fascia until the levator ani muscle. The SHP was located ventrally 
to the aortic bifurcation and sacral promontory and continued in the bilaterally 
located HN. These descended in the pelvis within the extraperitoneal connective 
tissues located posteriorly to the ureter. The HN fused with the pelvic splanchnic 
nerves, arising from the second, third and fourth sacral roots, to form the IHP. In 
all female cadaveric pelves, the IHP appeared as a mesh-like plexus consisting of 
multiple nerve fibres within adipose tissues, extending from the rectum to the 
uterus and upper vagina. The IHP was located medially and inferiorly to the ureter 
and internal iliac artery. The uterine artery superiorly crossed the ureter to supply 
the cervix uteri and uterus. At this point, small nerve fibres branched off the IHP 
and ran over the ureter to innervate the bladder at the level of the ureteral orifice 
(figure 1). These nerve fibres belonged to the vesical plexus and were detected 
to run in both the superficial and deep layers of the VUL, also referred to as the 
ventral parametrium. The H&E stained sections of the female cadaveric tissue 
block confirmed the presence of nerve fibres in both layers of the VUL. Multiple 
ganglionated nerve fibres were related closely to the ureter (figure 2). 
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Fetal cadaveric specimens

In all fetal specimens, nerve branches from the IHP were related very closely to the 
distal ureter. The HN coursed along the dorsolateral rectum and appeared as two 
small neural networks rather than two single nerves. The IHP was located inferiorly 
to the ureter and appeared as a squared-shaped plexus existing of multiple ganglia 
and nerve fibres. Its widest edges extended from the mid-rectum to the cervix uteri 
and upper vagina. From the superior part of the IHP, a few nerve fibres branched 
off passing the ureter at its medial and lateral sides heading towards the bladder 
(figure 3a and figure 4). From the middle part of the IHP, multiple nerve fibres 
branched off passing the ureter again at both sides and continued to run in close 
relation to the ureter until its insertion in the bladder. Nerve branches passing the 
ureter medially were located in the rectal pillars. The ureter divided the VUL into 
a superficial and deep layer. We referred to part of the ureter running in the VUL 
as the distal ureter. In all fetuses, an evident plexus was located in the superficial 

Figure 1. The female vesical plexus.
Superior view on the left side of a female pelvis. The uterus (Ut) and inferior hypogastric plexus (IHP) are 
retracted to the right side. The blue ligature and arrow depict a bundle of nerve fibres from the IHP running 
over the ureter to innervate the bladder. Note the relation of the efferent fibres with the uterine artery (Ut.a). 
The IHP is being pulled to the right to maximally expose the efferent fibres. B: bladder, Ut: uterus, U: ureter, IIA: 
internal iliac artery, EIA: external iliac artery, EIV: external iliac vein. 
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layer of the VUL anteriorly to the distal ureter directly after the crossing of the 
uterine artery with the ureter. This plexus was identified as the vesical plexus 
formed by those nerve fibres that innervated the bladder. These nerve fibres 
proceeded directly from the IHP to the bladder via the superficial and deep layers 
of the VUL and expressed mostly TH revealing their nature as being postganglionic 
sympathetic nerve fibres (figure 3b, 3c and figure 4). From the inferior part of the 
IHP, nerves branched off and ran inferior to the ureteral orifice to innervate the 
bladder neck, urethra, and external genital organs. These nerve fibres expressed 
both TH and VIP revealing their nature as being postganglionic sympathetic and 
postganglionic parasympathetic nerve fibres. The results have been represented 
in a 3D reconstruction that can be interactively explored online at: http://graphics.
tudelft.nl/vesicalplexus.  

Figure 2. The vesical plexus runs closely to the distal ureter.
This figure shows nerve fibres in relation to the distal ureter located in the whole vesico-uterine ligament of the 
female cadaveric tissue block. Detail window a.I reveals the presence of a nerve plexus including multiple ganglia 
(indicated by the arrow). Detail window b.I demonstrates multiple nerve fibres running very closely to the distal 
ureter. U: ureter; HE: haematoxylin and eosin. Scale bar in overview 1 mm, detail 200 µm. 
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Figure 3. Immunohistochemical characterization of the vesical plexus.
This figure shows the course of efferent fibres from the inferior hypogastric plexus (IHP) in a female fetus aged 
15 weeks. Windows a, b and c demonstrate consecutive inferior levels. The arrowheads in window a point 
out the efferent fibres from the IHP, which in this fetus pass the ureter on its medial side. Note the crossing of 
the uterine artery (Ut.a) with the ureter. The efferent fibres express mostly Tyrosine Hydroxylase (TH, left two 
arrows in window a.I) and little Vasoactive Intestinal Peptide (VIP, arrowheads in window a.II). In contrary, the 
IHP contains both TH and VIP (right arrow in window a.I and a.II). At a more inferior level, an evident plexus is 
seen anterior to the ureter (arrowhead window b). The efferent fibres innervating the bladder express mostly TH 
(arrows in window b.I) and little VIP (arrows in window b.II). At the level of the ureteral orifice efferent fibres can 
be detected at both sides of the ureter. Thicker fibres pass the ureter on its lateral side the posterolateral wall of 
the bladder (lower arrowhead in window c), whilst more minuscule fibres pass the ureter on its medial side to 
innervate the posterior bladder wall (upper arrowheads in window c). These efferent fibres express mostly TH 
(arrows in window c.I) and little VIP (arrows in window c.II). Ut: uterus, D: Douglas’ pouch, U: ureter, B: bladder. 
Scale bar overview 500 µm, detail 200 µm. 

DISCUSSION
Up to now, substantial progress has been made in identifying risk zones where 
pelvic autonomic nerves are prone to surgical damage. Main focus has always been 
on the surgical preservation of the SHP, HN, pelvic splanchnic nerves and IHP (16), 
though the importance of preserving the nerve fibres that branch off the IHP and 
essentially innervate pelvic viscera is remarkably less emphasized. General anatomy 
textbooks do not specifically focus on these nerve branches and might depict them 
imprecisely as a fan-shaped continuation of the IHP (11). As such, their contribution 
to optimal functioning of pelvic viscera can be easily forgotten about. The lack of or 
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Figure 4. Three-dimensional reconstruction of the pelvic autonomic network.
Three-dimensional reconstruction of the pelvic autonomic network of the fetus aged 14 weeks. The bladder 
is depicted in light blue, the uterus in dark blue, the rectum in purple, the ureter in green and the autonomic 
nerves in yellow. Window a offers a posterolateral view, in which the arrow indicates the nerve fibres from 
the middle part of the IHP surrounding the distal ureter. Window b offers an anterolateral view, in which the 
distribution of nerve fibres in relation to the distal ureter can be explored. The upper arrow shows the plexus 
located on top of the ureter in the superficial layer of the vesico-uterine ligament, whereas the lower arrow 
points out nerve fibres running in the deep layer of the vesico-uterine ligament.  

loss of accurate knowledge of nerve branches from the IHP innervating the pelvic 
viscera must be reversed to optimise nerve-sparing RHL. In the present work, we 
studied the three-dimensional course, topology and neuroanatomical composition 
of the vesical plexus, which forms a group of multiple efferent and afferent nerve 
fibres that innervates the bladder.  
This study has revealed that the vesical plexus runs in close relation to the distal 
ureter in both the superficial and deep layers of the VUL. The efferent nerve fibres are 
of postganglionic sympathetic and parasympathetic nature, implying that surgical 
damage of the vesical plexus may lead to both sympathetic and parasympathetic 
denervation of the bladder. Indeed, urinary incontinence is frequently reported 
after radical pelvic surgery (7, 17). All gynaecologists operating in the pelvis should 
realise that preservation of the SHP, HN, pelvic splanchnic nerves and IHP does not 
automatically warrant sufficient postoperative bladder function when the vesical 
plexus could still be damaged. Although the pelvic autonomic network has been 
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Figure 5. The pelvic autonomic network in relation to the different extensions of the parametrium. 
The parametrium can be divided into four surgical extensions based on the Leiden TNM classification system. 
Ventral (V) 1: superficial layer of the vesico-uterine ligament (VUL); V2: medial part of the deep layer of the 
VUL; V3: lateral part of the deep layer of the VUL. Lateral (L) 1: medial to the ureter; L2: between the ureter and 
pelvic side wall; L3: until the pelvic side wall. Caudal (C) 1: above the ureter; C2: above the deep uterine vein; 
C3: below the deep uterine vein. Dorsal (D) 1: between the uterus and rectum; D2: at the anterior rectal border; 
D3: halfway the rectal circumference. Note that the ureter passes through the lateral, ventral and upper caudal 
parametrium. The inferior hypogastric plexus is located in the dorsal, lateral and upper caudal parametrium, 
caudal to the ureter. The vesical plexus is located in the ventral parametrium in V1 and V2 superiorly and 
inferiorly to the distal ureter.  The neurovascular bundles run more caudally in V3. Ut: uterus, B: bladder, R: 
rectum, U: ureter, HN: hypogastric nerves. 
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often studied, many researchers have not paid special attention to the nerve fibres 
branching from the IHP and consequently lacked in describing the vesical plexus (18-
21). Two researchers previously reported on the course and topology of efferent 
nerve fibres from the IHP. Based on macroscopic dissections of female cadaveric 
specimens, Mauroy et al. described the anatomy of the various efferent nerve 
fibres from the IHP innervating the urogenital organs and identified anatomical 
reference points that could be helpful in pelvic surgery as to enhance nerve-sparing 
surgical techniques (22, 23). We fully agree with their reference to the ureter as the 
vector for vesical nerve fibres. In their studies, the bulk of the vesical plexus was 
allocated inferiorly to the ureterovesical junction from where a medial and lateral 
nerve branch ran along the lateral edges of the vesical trigone and bladder neck, 
respectively. They did not report on the presence of vesical nerve fibres anteriorly 
to the ureter (22, 23). Yamaguchi et al. found gender differences in the distribution 
of nerve fibres to the bladder and explicitly mentioned that these nerve fibres 
might run along the distal ureter in females (24). Contrary to the results of Mauroy 
et al. (22, 23), we observed a slightly more variable pattern of nerve fibres running 
along the distal ureter. In all fetal specimens, an evident plexus was identified 
anteriorly to the distal ureter, whereas the vesical plexus in the adult specimens 
consisted of several loose nerve branches rather than a firm plexus. An explanation 
could be that the growth of extraperitoneal tissues in postnatal development 
causes the developing ureter to break up the vesical plexus and subsequently 
creates a more wide-spread distribution of the vesical nerve fibres. This also helps 
to understand the difficulty in recognizing the vesical plexus during macroscopic 
anatomical dissections and RHL. It is therefore of crucial importance to be aware 
of the detailed anatomy of the vesical plexus. According to Walsh “…we only see 
what we look for, but we only look for what we know” (12). The results of this study 
might have significant clinical consequences for the surgical treatment of cervical 
cancer. The operative classification system of Querleu and Morrow describes four 
types of RHL techniques (10). In two types, the ureter is completely mobilized, and 
in one type the ureter is unroofed and rolled laterally. The presence of autonomic 
nerves in the deep layers of the VUL has been previously acknowledged (6, 16, 
25). Following this, resection of the deep layers of the VUL has been correctly 
recognized as a potential nerve-injuring step in RHL (6). However, we have 
demonstrated that the vesical plexus is also present in the superficial layers of the 
VUL. The 3D reconstruction of the fetal autonomic network has clearly shown that 
it actually encircles the distal ureter. This means that preservation of the vesical 
plexus is only achievable in one of the four types of RHL as proposed by Querleu 
and Morrow (10). Gynaecologists who choose to remove only the superficial layers 
of the VUL aiming to preserve the vesical nerve fibres in the deep layers of the 
VUL, are likely to end up (partially) disrupting the vesical plexus anyway (6). Bladder 
dysfunction, such as urge incontinence, stress incontinence, voiding difficulties and 
dysuria, is often reported following a Wertheim-Okabayshi RHL, in which the ureter 
is completely mobilized (7). The Leiden TNM classification has been developed in 
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order to describe the extensiveness of parametrectomy in all directions (26), based 
on the well-known TNM classification system for the description of various tumours 
in categories for tumour extension (T), nodal disease (N) and distant metastasis 
(M). Figure 5 schematically shows the course of the pelvic autonomic nerves in 
relation to the ventral, lateral, caudal and dorsal extensions of the parametrium. 
The distal ureter, running in the VUL, should be regarded as an important risk zone in 
which the vesical plexus could be surgically damaged. Malignant spread of cervical 
cancer occurs mainly via local tumour growth and/ or lymphatics, underlining the 
importance of accurately removing the draining lymph vessels besides pelvic lymph 
nodes. This principle of RHL should never be neglected by any technique aiming 
at preservation of the autonomic nerves. A recent immunohistochemical study of 
human fetal cadaveric specimens has shown that the lymphatic drainage pathways 
of the cervix uteri do not run via the VUL (27). Thus, one could carefully argue that 
nerve-sparing RHL in early-stage cervical cancer might be feasible by leaving the 
whole VUL and avoiding mobilization of the distal ureter. Caution is of essence here 
as lymphatic drainage pathways of the cervix uteri should be confirmed in human 
adults prior to modifying RHL techniques. Furthermore, immunohistochemical 
analysis of human fetuses forms a valuable method to study large anatomical regions 
in relatively small specimens. Although the fetal anatomy is not comparable to that 
of an adult, the pelvic neural network does not undergo fundamental changes 
from a gestational age of 8 weeks throughout fetal development (28, 29). The 
neuroanatomical characterization of the vesical plexus is complex. The presence 
of postganglionic sympathetic fibres is with no doubt confirmed by the expression 
of TH, whereas the detection of parasympathetic fibres is less straightforward. 
VIP mediates parasympathetic function of pelvic viscera, but is only expressed in 
postganglionic parasympathetic fibres (30). The VIP-positive fibres as detected in 
the vesical plexus can be interpreted as postganglionic parasympathetic fibres, 
but VIP might be expressed on sensory afferent C-fibres as well (30). Current 
immunohistochemical techniques do not allow exclusive identification of sensory 
afferent fibres (30). Besides, the restrictive usage of immunohistochemistry in the 
fetal cadaveric specimens hampered to investigate the presence of sensory afferent 
nerve fibres in the vesical plexus. Although the nature of the aforementioned 
bladder impairments presumes the presence of sensory fibres as well, this is yet 
to be revealed.
In conclusion, the vesical plexus is closely related to the distal part of the ureter 
and runs in both the superficial and deep layers of the VUL prior to innervating the 
bladder. Efferent nerve fibres belonging to the vesical plexus are postganglionic 
sympathetic and postganglionic parasympathetic fibres, implying that surgical 
disruption of the vesical plexus might results in bladder dysfunction due to 
both sympathetic and parasympathetic denervation. The distal ureter should be 
regarded as an important risk zone in which the vesical plexus could be surgically 
damaged. If gynaecologists free up the ureter until its insertion in the bladder, the 
vesical plexus will be consequently sacrificed.  
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SUMMARY
Chapter 1 is the general introduction and describes the objectives of the thesis

PART I – RESULTS OF RADICAL SURGERY FOR EARLY STAGE CERVICAL CANCER

For cervical cancer clinically confined to the cervix and upper vagina (International 
Federation of Gynaecology and Obstetrics (FIGO) stage IB/IIA (1)), a radical 
hysterectomy with pelvic lymphadenectomy is considered to be the standard 
treatment (2). There is no consensus on the preferable type of radical hysterectomy, 
in particular about the extent of parametrectomy. In a subgroup of patients with 
early stage cervical cancer and poor prognostic tumour characteristics such as 
bulky growth and/or positive lymph nodes, the choice for the optimal treatment 
(more radical surgery or primary radiotherapy) is even more topic of debate.

Chapter 2 describes the results of a very large retrospective cohort study 
regarding the impact of the extent of the radical hysterectomy with pelvic 
lymphadenectomy on pattern of recurrence and survival. 

For this study, a total of 2124 patients with FIGO stage IA/IB/IIA who underwent a 
radical hysterectomy with pelvic lymphadenectomy (RHL) between 1982 and 2011 
in three large referral centres were analysed. Clinical and pathological variables 
were analysed in relation to recurrence and survival. One of these variables was 
the extent of the parametrectomy. Procedures were in retrospect classifified using 
the TNM-like classification and subsequently devided into a more radical and a less 
radical procedure. Multivariable analysis for disease free survival (DFS) confirmed the 
independent prognostic value of many of the well-known clinical and pathological 
factors such as tumour diameter, presence of lymph node metastases, parametrial 
involvement, depth of stromal invasion and lymph vascular space invasion (LVSI). 
Type of radical hysterectomy was an independent prognostic variable in this study. 
Five-year overall survival (OS) was 93% and 85% (p< .001) for more or less radical 
hysterectomy, respectively. Multivariate analysis in three subgroups with different 
tumour diameters (≤2 cm, 2-4 cm and >4 cm) showed that the type of RHL was 
only significantly associated with a better DFS in the subgroups with tumours >2 
cm. Disease recurred more often in the less radical group (19% vs 11%, p< .001), 
mainly due to a difference in loco-regional recurrences with more loco-regional 
recurrences in the less radical group (9% vs. 4%, p< .001). 
These results suggest that less radical surgery in smaller tumours is safe and that 
more radical surgery in larger tumours might result in better survival. However, 
flaws in this analysis are the retrospective nature of the study as well as the fact 
that type of radicality was defined in retrospect resulting in potential bias. 
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In chapter 3 we compare recurrence rates and survival after completed or 
abandoned radical hysterectomy in case of intra-operative finding tumour 
positive lymph nodes. 

In early stage cervical cancer, lymph node metastases occur in 15-25% of the cases 
and are one of the most important predictors for survival (3-6). Controversy exists 
about whether a radical hysterectomy should be completed or abandoned when 
positive lymph node(s) are discovered by frozen section of enlarged or sentinel 
nodes (7). The main argument for abandoning RHL is to avoid the morbidity 
caused by the combination of primary surgical treatment and adjuvant (chemo-)
radiotherapy (8). On the other hand, completing RHL in patients with lymph node 
metastasis may result in better loco-regional control of disease (9). 
We performed a retrospective multicenter cohort study in 121 patients. All patients 
were scheduled for RHL with or without sentinel node procedure. In case of 
finding lymph node metastasis during the operation (by frozen section of sentinel- 
or suspicious nodes), radical hysterectomy was completed in one group (n=89), 
followed by adjuvant (chemo-)radiotherapy and aborted in the other group (n=32). 
In the latter group patients were treated with primary (chemo-)radiotherapy. Toxic 
therapy related effects were scored according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events (NCI CTCAE) version 4.0.3 (10). 
In the univariable survival analysis, 5-year OS and DFS were higher after completing 
the radical hysterectomy (OS: 84% vs. 77%, p .340 - DFS: 82% vs. 69%, p .020). 
Multivariable analysis showed that ‘treatment strategy’ was not independently 
associated with DFS (HR 1.3, 95% CI 0.5 – 3.2). The total number of removed lymph 
nodes did have a statistically significant effect on DFS (HR 1.0, 95% CI 0.9 – 1.0). 
The overall recurrence rate was lower after completing RHL compared to aborting 
RHL (16% vs. 33%, p .042), mainly due to the difference in pelvic recurrences (2% 
vs 18%, p .014). CTCAE grade 3-4 toxicity rates were higher in the primary (chemo-)
radiotherapy group compared to the group with a completed RHL (52% vs. 17%, p 
.006), due to differences in hematologic toxicity caused by chemotherapy. 
We concluded that this study was not able to show that completing radical 
hysterectomy followed by adjuvant (chemo-)radiotherapy in case of lymph 
node positive early stage cervical cancer resulted in better survival compared to 
abandoning RHL. However, this study showed better loco-regional control and less 
treatment related (hematologic) toxicity.

Chapter 4 describes the oncological outcomes of the Wertheim-Okabayashi 
radical hysterectomy for bulky (FIGO stage IB2/IIA2) early stage cervical cancer.

Treatment for bulky early stage (tumour diameter >4 cm) cervical cancer is a topic 
of debate. To prevent morbidity from combined treatment, definitive chemo-
radiotherapy is for many clinicians treatment of choice (8). However, more radical 
surgery may lead to lower rates of adjuvant (chemo-) radiotherapy resulting in 

  9



CHAPTER 9

146

prevention of radiotherapy induced morbidity (11). A retrospective cohort study 
was conducted and 129 patients who underwent a Wertheim-Okabayashi radical 
hysterectomy with pelvic lymphadenectomy for bulky early stage cervical cancer 
between 1984 and 2010 were analysed. Adjuvant radiotherapy was indicated 
in 50% of all patients. Five-year disease specific survival (DSS), OS and DFS were 
84%, 83% and 82% respectively. For the group with and without adjuvant therapy, 
the 5-year DSS was 73% and 95% respectively. Recurrences in the surgery only 
group were mostly pelvic (60% vs. 22% after adjuvant treatment) whereas after 
adjuvant radiotherapy distant recurrences were more likely to occur (56% vs. 30% 
after surgery only). Multivariate analysis showed that non-squamous carcinoma, 
large tumour diameter and parametrial involvement were independent prognostic 
factors for DSS. The literature search showed a wide diversity in rates of adjuvant 
treatment (31-88%) after initial surgery as well as for survival (DFS 63-82%) and 
pelvic recurrence rates (5-29%).  
We concluded that for patients with FIGO stage IB2/IIA2 cervical cancer, survival 
after a Wertheim-Okabayashi radical hysterectomy with adjuvant (chemo-)
radiotherapy in only strict selected cases, compares favourably with literature data.
 
PART II – LONG-TERM MORBIDITY AND QUALITY OF LIFE IN CERVICAL 
CANCER SURVIVORS

Chapter 5 focusses on pelvic floor symptoms and Quality of Life (QoL) after 
radical hysterectomy with pelvic lymphadenectomy for early stage cervical 
cancer.

The extent of the dissection of parametrial tissue is considered to be  the most 
important step during RHL causing morbidity (12). A multicenter cross sectional 
observational study was performed in 268 cervical cancer survivors (CCS) treated 
between 2000 and 2010 with a Wertheim-Okabayashi or a (nerve sparing) 
Wertheim-Meigs radical hysterectomy (with or without adjuvant radiotherapy). We 
used the EORTC QLQ-C30, EORTC QLQ-CX24 and Leiden Questionnaire to assess 
symptoms and QoL. Urinary symptoms were more often reported by patients in 
the Wertheim-Okabayashi group compared to the Wertheim-Meigs group reaching 
statistical significance on ‘feeling of urine retention’ (53% vs. 32%, p .001), ‘feeling 
less/no urge to void’ (59% vs. 14%, p <.001) and ‘timed voiding’ (49% vs. 10%, p 
<.001). There was no difference between both groups regarding bowel symptoms. 
Multivariate analysis showed that surgical technique was an independent factor 
for differences in urinary symptoms. We did not find significant differences in QoL 
between CCS treated by Wertheim-Okabayashi or Wertheim-Meigs. 
We concluded that although CCS who underwent a more radical Wertheim-
Okabayashi procedure report significantly more urinary dysfunction compared to 
women after a Wertheim-Meigs procedure, their self-reported quality of life is not 
different. 
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In chapter 6 we report the long-term morbidity and QoL after primary surgery 
compared with primary radiotherapy for FIGO stage IB/II cervical cancer. 

Patients treated between 2000 and 2010 were approached to participate. Primary 
treatment consisted of RHL (followed by adjuvant (chemo-)radiotherapy in case 
of poor prognostic factors) or primary (chemo-)radiotherapy (PRT). In total, 323 
women were included in this cross sectional observational study (263 RHL/61 
PRT). We used the EORTC QLQ-C30 and -CX24 questionnaires to assess symptoms 
and QoL. In a multivariable analysis we found that women after PRT report lower 
physical (β -6.01, 95% CI -10.6 - -1.45) and social functioning (β -15.2, 95% CI -22.5 
- -7.86), more financial problems (β 10.9, 95% CI 2.99 – 18.8), diarrhea (β 9.98, 
95% CI 4.72 – 15.2), symptom experience (β 6.13, 95% CI 2.72 – 9.53), sexual 
worry (β 11.3, 95% CI 3.21 – 19.3) and worse sexual/vaginal functioning (β 11.4, 
95% CI 2.85 – 20.0). After primary surgical treatment, significantly more women 
report lymphedema (β -16.1, 95% CI -24.8 – 7.24). Despite these differences, no 
differences in global health scores were found. In the subgroup analysis (RHL + 
adjuvant treatment (n=64) vs. PRT (n=60)), women after PRT reported poorer 
social functioning (p .007), less sexual enjoyment (p .024) and higher symptom 
experience scores (p .039). After RHL, women reported more lymphedema (p .001).
These results suggest that although global health is not different between patients 
treated with RHL compared to (chemo-)radiotherapy as primary treatment, women 
after PRT report more physical, social and sexual problems. 

PART III – PELVIC ANATOMY

Cervical cancer mainly spreads via local tumour growth and lymphatics. This 
underlines the importance of accurately removing the draining lymph vessels 
besides pelvic lymph nodes. We hypothesised that the good oncological outcome 
of the Wertheim-Okabayashi might be explained by accurate removal of lymphatic 
pathways in the ventro-caudal parametrium (vesico-uterine ligament (VUL)) 
draining the cervix uteri. Because detailed descriptions about specific organ-
draining lymphatic pathways based on microscopic analysis are missing, a study on 
developmental series of human fetal pelves was conducted. 

In chapter 7 and 8 we describe results of a study on fetal pelves. Chapter 7 
describes the lymphatic drainage pathways of the cervix uteri, especially the 
VUL and chapter 8 focusses on the neuroanatomy of the vesical plexus in order 
to find more detailed explanations for the post-operative bladder dysfunction 
after RHL.

A developmental series of ten human female foetuses with an embryonic stage of 
10 (2x), 11, 12, 14, 15, 16, 19, 20 and 24 weeks was studied. Two main lymphatic 
pathways were identified. A supra-urethral pathway, running in the cardinal 
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ligament superior to the ureter, and a dorsal pathway, running in the sacro-uterine 
ligament towards the rectal pillars. The VUL did not obtain any of these lymphatic 
pathways running from the cervix. Only lymph vessels originating in the bladder 
could be identified in the VUL. Hereby, we concluded that the favourable outcomes 
of the Wertheim-Okabayashi RHL could not be explained by the radical removal of 
lymphatic pathways in the ventro-caudal parametrium.
Additionally we found that a group of nerve fibres from the vesical plexus run off 
the ventral part of the inferior hypogastric plexus (IHP) innervating the bladder. In 
all specimens (adult and fetal) the vesical plexus was very close related to the distal 
ureter and located in both the superficial and deep layers of the VUL. Therefore, 
complete mobilization of the distal ureter in RHL is a high risk manoeuvre 
possibly resulting in bladder dysfunction due to sympathetic and parasympathetic 
denervation. 

GENERAL DISCUSSION
In the Netherlands, around 725 women are diagnosed with cervical cancer every 
year. Due to an effective screening program, the majority of these tumours 
is diagnosed at an early stage of the disease and can therefore be treated with 
(radical) surgery (13). Cervical cancer is diagnosed in younger as well as older 
women, but the peak in incidence is seen between the ages of 35 and 45 years. 
Since survival after early stage cervical cancer is favourable, many young women 
treated for cervix cancer may have to live quite some time with the potential 
problems induced by the treatment. Therefore, it is of great importance to balance 
the oncological outcome against the morbidity caused by the treatment in an effort 
to reach good survival as well as optimal quality of life (QoL). Due to a collaboration 
network between oncological centres in our country, we were able to perform 
studies on large cohorts with the use of databases of prospectively collected data. 
In this thesis several aspects of radical hysterectomy, in particular the Okabayashi 
technique have been studied. The results obtained from these studies are useful in 
tailoring treatment in patients with (high risk) early stage cervical cancer.

Radicality

Different surgeons have used different approaches when performing a radical 
hysterectomy with pelvic lymphadenectomy. In the Academic Medical Center 
the technique as described by Hidekazu Okabayashi is used since 1982 (14). 
This technique is a more radical modification of the Wertheim-Meigs radical 
hysterectomy with wider resection of the parametrial and paracolpal tissues (15-
18). At the time when nerve sparing techniques for radical hysterectomy were 
developed, the Okabayashi technique, classified as a Piver type III-IV hysterectomy, 
became more and more a topic of debate because of its suspected higher risk of 
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postoperative morbidity. In the (posterior part of) the vesico-uterine ligament, the 
part of the parametrium/paracolpium where this type of operation is more radical 
in particular, numerous fibres of the inferior hypogastric nerve plexus are found 
in anatomical studies (12, 19). Damage of these nerves might result in substantial 
complaints after surgery. However, since the oncological outcome of this more 
radical hysterectomy compares favourably with other less radical types, resultant 
increased morbidity must be outweighed against the suggestion of a better survival.
Performing studies comparing surgical techniques is challenging. Randomized 
studies are difficult to perform as surgeons are trained by their superiors and 
become used to a certain technique. Different centres use different classifications 
for and modifications of a radical hysterectomy. Hereby, differences in the extent 
of radicality are difficult to objectify and compare. This is illustrated by the fact that 
over the last 40 years many classification systems describing the extent of a radical 
hysterectomy were published. Piver and coworkers were the first who tried to classify 
radicality of the hysterectomy (20). Thereafter, many other classifications followed 
as summarized in table 1. The goal of the modification as made by the Gynecologic 
Cancer Group was to simplify some details in order to standardize procedures and 
to be able to compare results from different oncological centers in Europe (21). 
Already one year later, Querleu and Morrow published their classification adding 
the detail of paracervical lymphadenectomy and the preservation of autonomic 
nerves (22). The problem with these previous mentioned classifications is the 
combination of resections in different directions. A resection might be less radical 
in lateral direction than in dorsal direction. Trimbos developed a clear and easy 
to remember classification system describing the extend of parametrectomy in 4 
different directions (23). Two years later Cibula et al combined the classification of 
Querleu and Morrow with the subdivision in 4 directions (24). By studying table 1, 
one can conclude that differences between classifications are often very subtle and 
the translation to the situation as found during surgery may be difficult. Every patient 
and her operation is unique. We used the TNM-like classification as described by 
Trimbos in our large cohort study comparing the oncological outcomes after an 
Okabayashi hysterectomy compared to less radical techniques (23). Since the main 
difference between the Okabayashi technique and less radical techniques lies in 
resection of tissue in the region of the vesico-uterine ligament, we chose to classify 
different types of radical hysterectomy based on the TNM-classification because it 
is very clear and most detailed in this particular part of the parametrium.

Quality of life

As described in this thesis, the more radical Okabayashi variant of a radical 
hysterectomy leads to significantly more adverse symptoms, especially urinary 
dysfunction. Despite these adverse events, QoL was not significantly influenced 
and comparable to the general Dutch female population. It is an interesting finding 
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that women who report significantly more obstructive urinary complaints such 
as ‘feeling of urine retention after voiding’, ‘little/no urge to void’ and ‘need for 
timed voiding or self-catheterization’ have similar quality of life scores compared 
to women with less urinary dysfunction. A possible explanation is the so called 
‘response shift’. This phenomenon is known in patients treated for life-threatening 
diseases and patients with disabilities. Patients adapt to their illness with a resulting 
change in their internal standards and values. This adaptation is amplified by the 
conceptualization of their quality of life and all together this leads to an alteration 
of a patient’s self-evaluation (25). Additionally we found that after both primary 
surgical treatment (with or without adjuvant treatment) as well as after definitive 
(chemo-)radiotherapy, cervical cancer survivors reported symptoms frequently. 
However, the character of the complaints was different between the two treatment 
strategies. Whereas the symptoms of women after surgery had an hypotonic 
character (urine retention, no urge to void, constipation), complaints of women 
after radiotherapy were mostly related to an overactive and irritated bladder 
(urgency, incontinence and pain). This might be the explanation for the difference 
in functioning scales between the two groups; the character of the symptoms after 
radiotherapy are likely to have a more negative influence on women’s functioning 
while the obstructive complaints after surgery are easier to adapt to. Furthermore, 
morbidity after radical surgery often decreases in time, whereas problems after 
radiotherapy have both a short- as well as a long term aspect and might even 
increase over time (26, 27). 
Some authors suggest that when poor prognostic tumour parameters such as large 
tumour diameter and/or confirmed lymph node metastases are present, patients 
are better off with definitive chemo-radiotherapy than with radical surgery 
sometimes followed by adjuvant (chemo-)radiotherapy. They state that in case of 
similar outcomes in terms of survival, the multimodality treatment causes ‘double 
trouble’ in terms of morbidity and should therefore be avoided. Our data shows the 
contrary: women treated with primary (chemo-)radiotherapy reported decreased 
physical, social and sexual functioning compared to women who received adjuvant 
(chemo-)radiotherapy after initial surgery. The pathophysiological background 
to this difference is not completely clear. Hazewinkel hypothesized that the 
microvascular and neural damage caused by radical surgery might lead to the fact 
that the affected organs are less susceptible for endothelial damage caused by 
radiotherapy (28, 29). However, more important could be the effect of a higher 
dose of brachytherapy given in definitive radiotherapy compared to adjuvant 
radiotherapy, resulting in more mucosal damage and fibrosis of bladder and bowel 
(30, 31). An important improvement in the radiotherapeutic treatment is the 
increased utilization of intensity modulated radiation therapy (IMRT). This method 
places multiple small radiation beams very precisely to the tumour. Hereby, high 
doses can be delivered on the tumour itself whereas damage of surrounding 
structures is reduced. IMRT has shown to reduce post treatment complaints 
compared to conventional radiotherapy techniques (32-34). 
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Treatment related problems can be measured by a wide variety of instruments. For 
example: after radical hysterectomy, urological dysfunction is often investigated by 
urodynamic assessment. However, women after treatment for cervical cancer don’t 
‘feel’ the results of these test, neither do they experience all of the toxicity scores 
as checked by clinicians using different kinds of grading systems. Therefore we 
advocate that the best method to assess treatment related morbidity is by asking 
these women about the complaints they experience and how these complaints 
affect their QoL. Fortunately, patient reported outcome measures are more and 
more established in oncology research. 
Different individuals have different personal preferences when weighing survival 
benefits of a cancer treatment against its (long-term) side effects. Ideally 
these patient preferences should be scientifically ascertained. Discrete choice 
experiments (DCE’s) are in particular appropriate to determine these aspects of 
cancer treatment. With DCE’s hypothetical health scenarios based on the most 
important elements of the treatment such as urinary function, lymphedema and 
survival) and the assignment of different levels to each element (e.g. no, moderate 
or severe impaired urinary function; no, moderate or severe lymphedema; life 
expectancy of 5, 10 or 20 years). Patients have to choose numerous times between 
paired scenarios and the results are analysed with regression models (35, 36). King 
et al used DCE’s to verify patient’s preferences for treatment of localized prostate 
cancer and found that there was a wide variance in average survival benefit to make 
a treatment worthwhile (37). This spread in individuals’ preferences underlines the 
importance of informing patients of long-term morbidity and the need to integrate 
these preferences into selecting treatments.  

Future perspectives

Surgery for early stage cervical cancer is subject to change based on new insights 
arriving from research on diagnostic tools and prognostic variables. 
Major efforts are made in order to reduce treatment induced morbidity by 
performing less radical surgery. Nerve sparing techniques have been developed to 
reduce the morbidity. So far these changes have not led to subjective improvement 
in negative sequelae. A second approach is to reduce the radicality of the surgery 
in case of small tumours. The risk of parametrial involvement and thereby the 
need for parametrectomy in low risk cervical cancer is well investigated. Low 
risk is in general defined as tumour diameter ≤ 2 cm with negative lymph nodes 
and limited stromal invasion. Numerous studies confirmed the low rates of 
parametrial involvement in this group of patients (38-44). In presence of the above 
mentioned criteria, parametrial involvement was only found in a maximum of 1.9% 
of the patients. Using the knowledge gained from these observational studies, 
prospective studies have already been performed with small numbers of patients 
and larger prospective studies are in process (45-50). However, since these studies 
all included small numbers of patients and different types of non-radical surgical 
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procedures were assessed, only randomized controlled trials (RCT’s) addressing this 
subject will provide the ultimate evidence. The SHAPE-trial randomizing between 
a radical or simple hysterectomy, both with pelvic lymphadenectomy will hopefully 
confirm this hypothesis resulting in less morbidity due to the parametrectomy in 
the future  (51). Another important RCT in progress is the EORTC 55994 trial in 
which neoadjuvant chemotherapy followed by radical surgery for bulky stage IB 
and stage IIB cervical cancer is compared with definitive chemo-radiotherapy (52). 
The first results on survival and QoL are expected in 2019. In the meantime, we are 
taking the first steps in planning a RCT on completing or abandoning the radical 
hysterectomy and/or the pelvic lymphadenectomy in case of positive lymph nodes 
in stage IB/IIA cervical cancer (Pop-CORN study). 
As women are delaying their reproduction, cervical cancer is more often diagnosed 
in women desiring to preserve their fertility. Several approaches to fertility 
preservation in treatment of cervical cancer have been described. In general the 
recommendation for women with tumours ≤ 2 cm is to perform a vaginal radical 
trachelectomy with pelvic lymphadenectomy (53). For larger tumours (2-4 cm) 
an abdominally performed radical trachelectomy with pelvic lymphadenectomy 
might be the treatment of choice. Another and maybe better strategy is the use 
of neo-adjuvant chemotherapy in order to reduce tumour volume, followed by a 
fertility sparing and even less radical techniques such as a simple trachelectomy 
or even conisation with better obstetrical outcomes (54, 55). Larger prospective 
and preferably randomized controlled studies are needed to confirm whether this 
approach is safe regarding oncological outcomes (rates of adjuvant treatment, 
recurrence rates) as well as fertility outcomes (rates of patients who keep the 
possibility to conceive, rates of conception) and treatment related morbidity/QoL. 
Another way of reducing post-operative morbidity might be established by a better 
selection of patients needing a pelvic lymphadenectomy. Although the presence 
of lymph node metastasis is not part of the FIGO staging, it is one of the most 
prognostic factors in cervical cancer and the presence of lymph node metastasis 
requires adjuvant treatment (6, 56). Around 15-20% of the patients with early 
stage cervical cancer appear to have lymph node involvement. One could think 
that hereby, up to 85% of the women undergo a pelvic lymphadenectomy 
without having any benefits of this invasive operation, but have a considerable 
risk of developing lymphoceles (20%) or lymphedema (10%) as adverse side 
effect. A few important points need to be addressed concerning this issue. First 
of all, pre-operative selection of patients with or without lymph node metastasis 
is difficult. Both CT as well as MRI is not very sensitive in the detection of pelvic 
lymph node involvement (57, 58). Detection of positive lymph nodes has proven 
to be better using PET/CT with a positive predicted value and negative predicted 
value of 78.2% and 99.4% respectively compared to the corresponding numbers 
of 61% and 96.3% for MRI (59). However, the presence of micro-metastasis is still 
undetectable on the expensive PET/CT but it might be beneficial to remove these 
nodes. Another upcoming method to investigate lymph nodes in cervical cancer is 
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the sentinel node procedure (SN), already implemented in the treatment of vulvar 
cancer. The SENTICOL trial showed that by using combined labelling (technetium 
99 lymphoscintigraphy and Patent Blue injection), a SN procedure is feasible and 
save in case of a bilaterally detected and removed sentinel node (60). Cibula 
and colleagues found that in early stage cervical cancer, the overall survival was 
significantly reduced in the finding of macro-metastasis (>2 mm) as well as in case of 
micro-metastasis (0.2-2 mm). The presence of isolated tumour cells (<0.2mm) was 
not of prognostic significance (61). If these findings are confirmed in prospective 
trials, this might in the future lead to a two stage approach in which after sentinel 
node procedure a complete pelvic lymphadenectomy is only performed in case of 
macro- or micro-metastasis (62). Considering the importance of the presence of 
lymph node metastasis in both treatment as well as prognosis, one could state that 
a surgical staging for cervical cancer might be interesting to use next to the now 
used clinical staging system.

Although the clinical studies in this thesis suggest that there is a place for more 
radical surgery in (high risk) early stage cervix cancer, our anatomical study hints 
that the favourable outcome of the Okabayashi radical hysterectomy cannot 
be clarified by the more radical removal of lymphatic pathways in the posterior 
vesico-uterine ligament, one of the most discriminating steps of the Okabayashi 
technique. Which step in the Okabayashi technique does explain the good survival 
outcomes should be further analysed. Hypothetically it could be a more radical 
resection of tissues in the lateral and caudal extension or more radical removal of 
lymph nodes. We plan to do a giant section study as well as further research to the 
role of differences in lymphadenectomy. 

Final conclusion

We found evidence for the fact that a more radical hysterectomy with pelvic 
lymphadenectomy results in favourable oncological outcomes in patients with a 
large tumour diameter and/or lymph node positive early stage cervical cancer. In 
addition, we showed that more radical surgery does not lead to decreased QoL, 
but primary chemo-radiotherapy does. Hereby the overall conclusion of this thesis 
is that radical surgery should be the primary treatment in patients with early stage 
cervical cancer > 2cm, irrespective of the presence of poor prognostic factors. For 
smaller tumours, less radical surgery is a save option.
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Hoofdstuk 1 is de algemene inleiding en geeft een beschrijving van de 
doelstellingen van het proefschrift.

DEEL I – RESULTATEN VAN RADICALE CHIRURGIE VOOR VROEG STADIUM 
CERVIXCARCINOOM 

Voor een cervixcarcinoom (baarmoederhalskanker) beperkt tot de 
baarmoederhals en het bovenste deel van de vagina (Internationale Federatie van 
Gynaecologie en Obstetrie (FIGO) stadium IB/IIA), is een radicale hysterectomie 
(baarmoederverwijdering) met bekkenklierdissectie (verwijdering van de 
lymfeklieren uit het bekken) de standaard behandeling. Er is geen eenduidigheid over 
het type radicale hysterectomie dat zou moeten worden uitgevoerd. De discussie 
behelst in het bijzonder de uitgebreidheid van de parametrectomie (het verwijderen 
van het losmazig bindweefsel rondom de baarmoeder en baarmoederhals). Met 
name in de subgroep van patiënten met slechte prognostische tumorkenmerken 
zoals een grote tumordiameter en/of tumor positieve lymfeklieren is de keuze voor 
de optimale behandeling onderwerp van discussie. 

Hoofdstuk 2 beschrijft de resultaten van een zeer grote retrospectieve 
cohortstudie naar de invloed van de uitgebreidheid van de radicale 
hysterectomie met bekkenklierdissectie op het patroon van recidief 
ziekte en overleving.

In de studie werden 2124 patiënten met een FIGO stadium IA/IB/IIA cervixcarcinoom 
geëvalueerd die een radicale hysterectomie met bekkenklierdissectie (RHL) 
ondergingen tussen 1982 en 2011. De relatie tussen klinische/pathologische 
variabelen, recidief ziekte en overleving werd onderzocht. Eén van de variabelen 
was de radicaliteit van de parametrectomie. Een multivariabele analyse naar 
ziektevrije overleving bevestigde de onafhankelijke voorspellende waarde van 
veel bekende klinische en pathologische riscofactoren zoals tumordiameter, 
aanwezigheid van lymfekliermetastasen, betrokkenheid van het parametrium, 
stromale invasiediepte en aanwezigheid van vaso-invasieve groei. Ook het 
type radicale hysterectomie bleek een onafhankelijke variabele voor ziektevrije 
overleving. De totale en ziektevrije vijfjaarsoverleving waren 93% en 85% (p <.001) 
voor meer respectievelijk minder radicale hysterectomie. Multivariabele analyse 
in drie subgroepen met verschillende tumordiameters (≤2 cm, 2-4 cm en >4 cm) 
liet zien dat het type radicale hysterectomie alleen geassocieerd was met een 
significant betere ziektevrije overleving voor tumoren >2 cm. Ziekte keerde vaker 
terug in de minder radicale groep (19% vs. 11%, p <.001). Dit verschil werd vooral 
verklaard door een verschil in locoregionale recidieven, met meer terugkeer van 
lokale ziekte in de minder radicale hysterectomie groep (9% vs. 4%, p <.001).
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Deze resultaten illustreren dat minder radicale operaties veilig zijn in kleinere 
tumoren en dat meer radicale operaties tot een betere overleving zouden kunnen 
leiden in grotere tumoren. Echter, het retrospectieve karakter van deze studie en 
het feit dat de groepen retrospectief werden ingedeeld naar radicaliteit impliceert 
een zekere bias. Uitkomsten moeten daarom met voorzichtigheid worden 
geïnterpreteerd. 

In hoofdstuk 3 vergelijken we recidief ziekte en overleving na het wel of 
niet afmaken van een radicale hysterectomie in geval van het vaststellen 
van positieve lymfeklieren tijdens de operatie.
 
In het vroeg stadium cervixcarcinoom komen lymfekliermetastasen voor in 15-25% 
van de gevallen. De aanwezigheid hiervan is een van de belangrijkste prognostische 
factoren voor overleving. Het is controversieel of de radicale hysterectomie wel of 
niet moet worden afgemaakt wanneer er tijdens de ingreep positieve lymfeklieren 
worden vastgesteld door middel van vriescoupe onderzoek van vergrote- of 
poortwachterklieren. Het belangrijkste argument om de ingreep niet af te maken 
is het voorkómen van dubbele morbiditeit veroorzaakt door de combinatie 
van primaire chirurgische behandeling gevolgd door aanvullende (chemo-)
radiotherapie. Anderzijds zou het afmaken van de radicale hysterectomie mogelijk 
tot een betere locoregionale controle kunnen leiden.
Wij deden een retrospectieve cohortstudie in 121 patiënten. Alle patiënten 
ondergingen in opzet een RHL met of zonder poortwachtersklierprocedure. 
Bij de bevinding van positieve lymfeklieren werd in de ene groep de radicale 
hysterectomie afgemaakt (n=89) en gevolgd door aanvullende (chemo-) 
radiotherapie en in de andere groep werd afgezien van de radicale hysterectomie en 
werden patiënten primair behandeld met chemoradiatie (n=32). Toxische effecten 
van de behandeling werden geregistreerd volgens de National Cancer Institute 
Common Terminology Criteria for Adverse Events (NCI CTCAE) versie 4.0.3. In de 
univariabele analyse waren de totale en ziektevrije vijfjaarsoverleving hoger na 
het afmaken van de radicale hysterectomie (totale overleving: 84% vs. 77%, p.340; 
ziektevrije overleving: 82% vs. 69%, p.020). Na correctie voor andere variabelen in 
de multivariabele analyse bleek dat behandeling (wel of niet afmaken van de RHL) 
niet onafhankelijk geassocieerd was met ziektevrije overleving (HR 1.3, 95% CI 0.5 
– 3.2) en dat het totaal aantal verwijderde lymfeklieren een statistisch significant 
effect had op ziektevrije overleving (HR 1.0, 95% CI 0.9 – 1.0). Ziekte terugkeer 
werd vaker gezien na primaire chemoradiatie dan na RHL (33% vs. 16%, p .042). 
Dit werd voornamelijk veroorzaakt door het verschil in bekkenrecidieven (18% vs. 
2%). CTCAE graad 3-4 toxiciteit was hoger na primaire chemoradiatie vergeleken 
met de RHL groep (52% vs. 17%), veroorzaakt door een verschil in hematologische 
toxiciteit door chemotherapie. 
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Wij concludeerden dat deze retrospectieve observationele studie niet kon 
aantonen dat in geval van positieve lymfeklieren, het afmaken van een radicale 
hysterectomie gevolgd door aanvullende (chemo-)radiotherapie resulteert in een 
betere overleving vergeleken met het niet afmaken van de ingreep. Het afmaken 
van de radicale hysterectomie zou mogelijk wel tot een betere locoregionale 
controle en minder (hematologische) toxiciteit kunnen leiden. 

Hoofdstuk 4 beschrijft de oncologische uitkomsten van de Wertheim-
Okabayashi radicale hysterectomie voor groot volume (bulky, FIGO 
stadium IB2/IIA2) cervixcarcinoom.

Behandeling van bulky (> 4cm) vroeg stadium cervixcarcinoom is onderwerp 
van discussie. De keuze voor primaire chemoradiatie wordt vaak gemaakt om de 
morbiditeit van een gecombineerde behandeling te voorkomen. Echter, radicalere 
chirurgie leidt mogelijk tot lagere percentages aanvullende (chemo-)radiatie 
met als gevolg minder radiotherapie geïnduceerde morbiditeit. Er werd een 
retrospectieve cohortstudie uitgevoerd in 129 patiënten die tussen 1984 en 2010 
een radicale hysterectomie met pelviene lymfeklierdissectie volgens Wertheim-
Okabayashi ondergingen. Aanvullende radiotherapie was geïndiceerd in 50% van 
de patiënten. De 5-jaars ziekte specifieke overleving, totale overleving en ziektevrije 
overleving was respectievelijk 84%, 83% en 82%. Voor de groepen met en zonder 
aanvullende behandeling was de ziekte specifieke overleving respectievelijk 73% 
en 95%. Recidief ziekte in de groep zonder aanvullende radiotherapie was met 
name lokaal/in het bekken (60% vs. 22% na aanvullende radiotherapie) terwijl na 
aanvullende behandeling er meer recidieven op afstand werden gevonden (65% vs. 
30% na chirurgie alleen). Multivariabele analyse liet zien dat adeno-(squameuze) 
carcinomen, toegenomen tumordiameter en betrokkenheid van het parametrium 
onafhankelijke risicofactoren waren voor slechtere ziekte specifieke overleving. Een 
literatuurstudie toonde grote spreiding in percentages aanvullende behandeling 
(31-88%) na initiële chirurgie, als ook in overleving (ziektevrije overleving 63-82%) 
en bekkenrecidieven (5-29%).
Wij concludeerden dan een radicale hysterectomie volgens Wertheim-Okabayashi 
voor patiënten met een FIGO stadium IB2/IIA2 cervixcarcinoom zou kunnen 
resulteren in minder aanvullende (chemo-)radiatie zonder tekort te doen aan de 
oncologische uitkomst. 

DEEL II – LATE MORBIDITEIT EN KWALITEIT VAN LEVEN NA BEHANDELING 
VOOR VROEG STADIUM CERVIXCARCINOOM
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Hoofdstuk 5 richt zich op bekkenbodemklachten en kwaliteit van leven 
na radicale hysterectomie met bekkenklierdissectie voor vroeg stadium 
cervixcarcinoom.

De radicaliteit van de parametrectomie, met name in het gebied van het vesico-
uteriene ligament wordt beschouwd als de belangrijkste stap in een RHL als het 
gaat om het veroorzaken van morbiditeit. In een multicenter cross-sectionele studie 
in 268 vrouwen die een RHL ondergingen (al dan niet gevolgd door aanvullende 
radiotherapie) vergeleken we de Wertheim-Okabayashi techniek met de (wel/
niet zenuwsparende) Wertheim-Meigs techniek. Mictieklachten werden vaker 
gerapporteerd door vrouwen na een Wertheim-Okabayashi operatie vergeleken 
met de Wertheim-Meigs groep. We vonden een significant verschil voor ‘gevoel 
van urineretentie na mictie’ (53% vs. 32%, p .001), ‘geen/minder aandrang om te 
plassen’ (59% vs. 14%, p <.001) en ‘op de klok plassen‘ (49% vs. 10%, p <.001). Er 
was geen verschil in darmklachten tussen de 2 groepen. De multivariabele analyse 
liet zien dat operatietechniek een onafhankelijke factor was voor verschillen in 
mictieklachten. We vonden echter geen verschil in kwaliteit van leven tussen de 
vrouwen die behandeld waren volgens Wertheim-Okabayashi in vergelijking met 
de vrouwen na een Wertheim-Meigs radicale hysterectomie. 
Concluderend leidt de meer radicale Wertheim-Okabayashi procedure tot 
significant meer mictieklachten vergeleken met een minder radicale Wertheim-
Meigs procedure. Dit leidt echter niet tot een verslechterde kwaliteit van leven.

In hoofdstuk 6 beschrijven we de lange termijn morbiditeit en kwaliteit 
van leven na primair chirurgische behandeling vergeleken met primaire 
radiotherapie voor FIGO stadium IB/II cervixcarcinoom. 

Patiënten die tussen 2000 en 2010 werden behandeld, werden uitgenodigd voor 
deelname. Primaire behandeling bestond uit RHL (al dan niet gevolgd door (chemo-)
radiotherapie in geval van prognostisch ongunstige tumor eigenschappen) of 
primaire chemoradiatie. In totaal namen 323 vrouwen deel aan dit cross-sectionele 
observationele onderzoek (263 RHL/61 PRT). Een multivariabele analyse toonde 
aan dat vrouwen na PRT lagere fysieke- (β -6.01, 95% CI -10.6 - -1.45) en sociale 
functionering scores (β -15.2, 95% CI -22.5 - -7.86) hadden. Daarnaast rapporteerden 
ze meer financiële problemen (β 10.9, 95% CI 2.99 – 18.8), diarree (β 9.98, 95% 
CI 4.72 – 15.2), symptoom ervaring (β 6.13, 95% CI 2.72 – 9.53), seksuele zorgen 
(β 11.3, 95% CI 3.21 – 19.3) en slechter seksueel functioneren (β 11.4, 95% CI 
2.85 – 20.0). Na primair chirurgische behandeling rapporteerden significant meer 
vrouwen lymfoedeem (β -16.1, 95% CI -24.8 – 7.24). Ondanks deze verschillen werd 
er geen verschil in algemene kwaliteit van leven scores gevonden. In de subgroep 
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analyse werden vrouwen na een primair chirurgische behandeling én aanvullende 
(chemo-)radiotherapie (n=64) vergeleken met vrouwen die primair chemoradiatie 
(n=61) kregen. Na PRT rapporteerden vrouwen slechter sociaal functioneren (p 
.007), minder seksueel genot (p .024) en een hogere score op symptoom ervaring 
(p .039). Na RHL hadden vrouwen vaker lymfoedeem (p .001).
Deze bevindingen tonen aan dat ondanks dat er geen verschil werd gevonden 
in algemene kwaliteit van leven, vrouwen die primair behandeld werden met 
chemoradiatie meer fysieke, sociale en seksuele problemen ervaren in vergelijking 
met vrouwen die een primaire radicale hysterectomie ondergingen. 

DEEL III – ANATOMIE VAN HET BEKKEN

Het cervixcarcinoom verspreid zich voornamelijk door lokale tumordoorgroei 
en via lymfebanen. Het is daarom van groot belang dat zowel de lymfeklieren 
in het bekken als de aanvoerende lymfebanen zorgvuldig worden verwijderd. 
Wij formuleerden de hypothese dat de gunstige oncologische resultaten van de 
Wertheim-Okabayashi techniek zou kunnen worden verklaard door uitgebreide 
resectie van lymfebanen vanuit de baarmoederhals in het ventro-caudale deel 
van het parametrium (ook wel het vesico-uteriene ligament genoemd). Teneinde 
dit te onderzoeken werd een studie verricht in een ontwikkelingsserie van foetale 
bekkens.

Hoofdstuk 7 en 8 beschrijven de resultaten van een anatomische studie 
op foetale bekkens. In hoofdstuk 7 worden de afvoerende lymfebanen 
vanuit de baarmoederhals uiteengezet en hoofdstuk 8 beschrijft de 
neuroanatomie van de vesicale plexus met als doel een duidelijkere 
verklaring te vinden voor de uitgebreide blaasdysfunctie na een RHL.

Een ontwikkelingsserie van 10 humane foetussen met een embryologische 
leeftijd van 10 (2x), 11, 12, 14, 15, 16, 19, 20 en 24 weken werd bestudeerd. Twee 
belangrijke lymfebanen konden worden geïdentificeerd. Een supra-urethrale baan 
in het ligamentum cardinale superior van de ureter en een dorsale baan in het 
sacro-uterine ligament richting de rectumpijlers. In het vesico-uteriene ligament 
werden geen afvoerende lymfebanen vanuit de baarmoederhals gevonden, alleen 
lymfebanen vanuit de blaas konden hier worden geïdentificeerd. 
Daarnaast zagen wij dat de vesicale plexus die zowel parasympatische als 
sympathische zenuwvezels bleek te bevatten, gevormd wordt door zenuwen die 
een nauwe relatie hebben met het distaal gelegen deel van de ureter en zich in de 
oppervlakkige als wel in de diepe laag van het vesico-uteriene ligament bevinden. 
Op basis van bovengenoemde bevindingen moeten we concluderen dat de 
gunstige resultaten van de Wertheim-Okabayashi techniek niet kunnen worden 
verklaard op basis van de hypothese dat lymfebanen vanuit de baarmoederhals, 
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lopend in het ventro-caudale parametrium, worden verwijderd. Het is echter zeer 
waarschijnlijk dat na de uitgebreide mobilisatie van de ureter gedurende een 
Wertheim-Okabayashi RHL de blaasdysfunctie ernstig kan zijn door beschadiging 
van de vezels vanuit de vesicale plexus. 

ALGEMENE DISCUSSIE
In Nederland worden jaarlijks ongeveer 725 vrouwen gediagnosticeerd met een 
cervixcarcinoom. Door een effectief screeningsprogramma wordt de meerderheid 
van de tumoren in een vroeg stadium van de ziekte vastgesteld en kan daarom 
overwegend chirurgisch worden behandeld. Het cervixcarcinoom komt voor bij 
zowel jonge als oudere vrouwen, maar heeft een piekincidentie tussen 35-45 
jaar. Na een behandeling voor een vroeg stadium cervixcarcinoom is de prognose 
gunstig. Dit betekent dat de jonge vrouwen bij wie cervixcarcinomen het vaakst 
voorkomen nog een heel leven voor zich hebben waarin ze moeten leven met 
de eventuele problemen die worden veroorzaakt door de behandeling. Het is 
daarom van groot belang een zorgvuldige afweging te maken tussen oncologische 
uitkomsten, de morbiditeit van de behandeling en het effect ervan op de kwaliteit 
van leven. Door een samenwerking tussen oncologische centra in Nederland was 
het mogelijk om onderzoek te doen in grote cohorten met behulp van prospectief 
ingevulde databases. Dit proefschrift beschrijft verschillende aspecten van de 
radicale hysterectomie, in het bijzonder de Okabayashi techniek. De resultaten uit 
dit onderzoek zijn van belang in de besluitvorming ten aanzien van de behandeling 
van patiënten met (hoog risico) vroeg stadium cervixcarcinoom.

Radicaliteit

Sinds 1982 wordt in het Academisch Medisch Centrum een radicale hysterectomie 
met bekkenklierdissectie uitgevoerd volgens de techniek zoals beschreven door 
Hidekazu Okabayashi. Deze techniek staat bekend als een meer radicale variant van 
de radicale hysterectomie zoals beschreven door Wertheim en Meigs. Met name de 
resectie van het parametrium en het paracolpium ter plaatste van het zogenaamde 
vesico-uteriene ligament is erg radicaal. In tijden waarin er veel aandacht is voor 
zenuw- en fertiliteitsparende technieken staat de Okabayashi techniek, geclassificeerd 
als een Piver type III-IV hysterectomie geregeld ter discussie. Anatomisch onderzoek 
heeft aangetoond dat in het deel van het parametrium waar de radicale resectie 
plaatsvindt, talrijke zenuwbanen vanuit de plexus hypogastricus inferior lopen die 
blaas, rectum en vagina innerveren. Schade aan deze zenuwbanen kunnen leiden 
tot aanzienlijke klachten na de ingreep. Echter, omdat de oncologische resultaten 
na dit type radicale hysterectomie erg gunstig blijken te zijn, moet de toename 
in morbiditeit zorgvuldig worden afgewogen tegen de suggestie van een betere 
overleving.
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Onderzoek doen naar chirurgische technieken is een uitdaging. Gerandomiseerde 
studies zijn moeilijk uitvoerbaar omdat chirurgen die getraind zijn door hun 
opleiders vaak gewend zijn aan één bepaalde techniek. Daarnaast zijn verschillen 
in radicaliteit uiterst moeizaam te objectiveren en te vergelijken. Dit blijkt uit het 
feit dat in de afgelopen 40 jaar verschillende classificaties zijn gemaakt om de 
uitgebreidheid van een (radicale) hysterectomie te beschrijven. Piver en collegae 
publiceerden in 1974 als eerste hun classificatie, gevolgd door vele anderen zoals 
beschreven in tabel 1. Het doel van de GOG was om een aantal details van de 
beschrijving van Piver te simplificeren om zo procedures uitgevoerd in Europese 
centra beter te kunnen standaardiseren en met elkaar te vergelijken. Een jaar later 
publiceerden Querleu en Morrow hun classificatie waarin de details ten aanzien 
van de paracervicale lymfadenectomie en het behoud van autonome zenuwen 
werden toegevoegd. Het probleem bij beide classificaties is dat de resectie in 
verschillende richtingen bij elkaar worden genomen. Een resectie kan echter 
radicaler zijn in laterale richting dan in dorsale richting. Trimbos ontwikkelde een 
duidelijke en eenvoudig te onthouden classificatie waarin de uitgebreidheid van de 
parametrectomie in 4 verschillende richtingen wordt beschreven. Twee jaar later 
combineerde Cibula de classificatie van Querleu en Morrow met de onderverdeling 
in 4 richtingen. Wanneer men tabel 1 bestudeerd moet geconcludeerd worden 
dat de verschillen tussen de classificaties subtiel zijn, laat staan hoe subtiel de 
verschillen tijdens de operatie zijn. Elke patiënt en haar operatie zijn uniek. Wij 
gebruikten de TNM-like classificatie zoals beschreven door Trimbos om in ons grote 
cohort van patiënten die een RHL ondergingen de Okabayashi techniek met minder 
radicale technieken te vergelijken. Omdat het verschil tussen deze technieken 
met name in de resectie van het parametrium ter plaatse van het vesico-uterine 
ligament zit, leek de eenvoudige en op dit gebied meest gedetailleerde classificatie 
het meest geschikt. 

Kwaliteit van leven

Zoals beschreven in dit proefschrift leidt de meer radicale Okabayashi techniek 
tot significant meer bijwerkingen, met name op het gebied van mictieklachten. 
Ondanks deze bijwerkingen werd kwaliteit van leven niet significant beïnvloed en 
bleek vergelijkbaar met de algemene Nederlandse vrouwelijke populatie. Het is een 
interessant gegeven dat vrouwen die duidelijk meer hypocontractiele mictieklachten 
rapporteren zoals ‘gevoel van urineretentie na mictie’, ‘geen/minder aandrang om 
te plassen’ en ‘op de klok plassen‘ gelijk scoren op kwaliteit van leven vergeleken 
met vrouwen met aanzienlijk minder mictieklachten. Een mogelijke verklaring 
hiervoor is het fenomeen dat wordt beschreven als de zogenaamde ‘response 
shift’. Dit is een bekend principe bij patiënten die behandeld zijn voor potentieel 
levensbedreigende aandoeningen en patiënten met handicaps. Het leidt tot een 
verandering in zelf-gerapporteerde kwaliteit van leven als gevolg van veranderde 
interne standaarden, waarden, of betekenis van kwaliteit van leven. Wij vonden 
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dat zowel een radicale hysterectomie (met of zonder aanvullende behandeling) 
als primaire (chemo-) radiotherapie tot aanzienlijke klachten kunnen leiden. De 
aard van de klachten is echter duidelijk verschillend tussen de twee primaire 
behandelmodaliteiten. Bij de klachten na chirurgie was er met name sprake van 
hypotonie van de blaas (urineretentie, geen aandrang tot mictie, obstipatie) en de 
klachten na (chemo-)radiotherapie waren voornamelijk die van een overactieve 
blaas (urgency, incontinentie) en irritatie van de blaas (pijn). Hierin ligt een mogelijke 
verklaring voor de verschillen in functioneren; het onvoorspelbare karakter van de 
klachten na primaire (chemo-)radiotherapie zou een negatievere uitwerking op 
kwaliteit van leven kunnen hebben. Rekening houden met de klachten van een 
hypo-contractiele blaas na een operatie is mogelijk van minder effect op kwaliteit 
van leven. Bovendien nemen de klachten na een operatie vaak af na verloop van 
tijd en kunnen de problemen na radiotherapie kort of lang na de behandeling 
ontstaan en nemen ze vaak toe in de loop der tijd. 
Sommige auteurs vinden dat als voorafgaand aan de behandeling de aanwezigheid 
van prognostische risicofactoren zoals een grote tumordiameters en/of 
aanwezigheid van positieve lymfeklieren, patiënten beter af zouden zijn met primaire 
chemoradiatie dan met een operatie en een grote kans op aanvullende (chemo-)
radiotherapie. Zij stellen dat in geval van gelijke oncologische uitkomsten behandeling 
met meerdere modaliteiten zoveel mogelijk beperkt moet worden omdat dit leidt 
tot meer morbiditeit. Onze data laat echter het tegenovergestelde zien; vrouwen 
die behandeld worden met primair chemo-radiotherapie rapporteren meer 
problemen met sociaal functioneren, seksueel genot en ervaring van symptomen 
dan vrouwen die aanvullende (chemo-)radiotherapie kregen na initieel chirurgisch 
te zijn behandeld. Het pathofysiologische mechanisme hierachter is niet geheel 
duidelijk. Hazewinkel veronderstelde dat de microvasculaire- en zenuwschade die 
ontstaat ten tijde van de chirurgie er mogelijk toe leidt dat de aangedane organen 
minder gevoelig zijn voor de endotheel schade die door de radiotherapie wordt 
veroorzaakt. Belangrijker is waarschijnlijk dat bij primaire chemoradiatie de dosis 
van de inwendige bestraling hoger is dan na aanvullende bestraling waardoor er 
meer mucosaschade optreed aan blaas en darm. Een belangrijke verbetering in de 
behandeling met radiotherapie is het gebruik van Intensity Modulated Radiation 
Therapy (IMRT) waarbij door middel van het bundelen van kleine stralen, hoge 
doses op de tumor kunnen worden gegeven zonder dat de omliggende structuren 
worden aangedaan. Het is bewezen dat na IMRT de morbiditeit van de behandeling 
significant minder is dan na conventionele radiotherapie technieken. 
Behandeling gerelateerde problemen kunnen met behulp van verschillende 
instrumenten worden gemeten. Na een radicale hysterectomie wordt urologische 
(dys)functie vaak gemeten met behulp van urodynamisch onderzoek. Echter, 
vrouwen ervaren niet de testresultaten en ook niet de toxiciteitsscores die door 
middel van verschillende checklists worden bijgehouden. Ik wil dan ook pleiten 
voor het belang van vragenlijstonderzoek, zodat de vrouw zelf kan rapporteren wat 
voor klachten zij ervaart en hoe die van invloed zijn op haar kwaliteit van leven. 
Gelukkig is dit in toenemende mate het geval bij oncologisch onderzoek.
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Omdat individuen verschillend oordelen ten aanzien van de afweging tussen 
overleving en (lange termijn) effecten van oncologische behandeling, zou 
idealiter patiënt preferentie onderzoek moeten worden verricht. Discrete choice 
experiments (DCE’s) zijn een goede methode om dit te onderzoeken. Met behulp 
van DCE’s worden hypothetische scenario’s gebaseerd op de belangrijkste 
elementen van de behandeling, zoals mictieklachten, lymfoedeem en overleving in 
verschillende mate van ernst (bijvoorbeeld: geen/matige/ernstige mictieklachten; 
geen/matig/ernstig lymfoedeem; levensverwachting van 5/10/20 jaar) met elkaar 
vergeleken. Patiënten kiezen bij herhaling tussen 2 scenario’s en deze keuzes 
worden met behulp van regressie analyses met elkaar vergeleken. Op deze manier 
onderzochten King en collega’s patiënten preferenties voor behandeling van 
prostaatkanker. Zij vonden dat er een grote variatie bestond in de overlevingswinst 
die patiënten nodig vinden om op te wegen tegen de bepaalde bijwerkingen van 
de behandeling. Deze bevindingen benadrukken het belang van het informeren 
van patiënten over de lange termijn effecten van een behandeling en de noodzaak 
om de voorkeuren van patiënten mee te nemen in de keuze voor een bepaalde 
behandeling. 

De toekomst

De chirurgische behandeling voor het cervixcarcinoom is onderhevig aan 
veranderingen gebaseerd op nieuwe inzichten verkregen door onderzoek naar 
diagnostische middelen en prognostische variabelen. 
In de discussie over radicaliteit zijn enorme inspanningen verricht om de door 
de behandeling veroorzaakte morbiditeit terug te dringen door minder radicale 
chirurgie toe te passen. Zenuwsparende technieken zijn ontwikkeld, tot dusver 
zonder subjectieve verbetering van negatieve gevolgen van de behandeling. Het 
risico op betrokkenheid van het parametrium en daarmee de noodzaak voor 
het verrichten van een parametrectomie bij laag risico cervixcarcinomen is goed 
onderzocht. Met ‘laag risico’ wordt over het algemeen bedoeld: tumoren ≤ 2 cm 
met negatieve lymfeklieren en beperkte stromale invasie. Verschillende studies 
hebben de zeer lage kans op parametrium betrokkenheid (max. 1.9%) in deze 
groep patiënten bevestigd. Met de kennis uit deze observationele studies zijn al 
enkele prospectieve onderzoeken met kleine aantallen patiënten uitgevoerd en 
grotere onderzoeken lopen nog. Het ultieme bewijs zal echter moeten worden 
geleverd met behulp van een randomized controlled trial (RCT). De SHAPE-studie 
waarin gerandomiseerd wordt tussen een simpele of een radicale hysterectomie, 
beide met bekkenklierdissectie kan hopelijk bovenstaande bevindingen bevestigen 
met als gevolg minder morbiditeit veroorzaakt door de parametrectomie. Een 
andere belangrijke RCT op dit vlak is de EORTC 55994 studie waarin voor patiënten 
met een cervixcarcinoom stadium IB2/IIB behandeling met primair chemoradiatie 
werd vergeleken met neo-adjuvant chemotherapie gevolgd door een radicale 
hysterectomie. De eerste resultaten aangaande overleving en kwaliteit van leven 
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worden in 2019 verwacht. Ondertussen zijn wij in ons centrum bezig met de opzet 
van een RCT waarin we het wel of niet afmaken van een radicale hysterectomie 
en/of bekkenklierdissectie in aanwezigheid van positieve lymfeklieren bij patiënten 
met een FIGO stadium IB/IIA cervixcarcinoom onderzoeken (PoP-CORN studie).  
Omdat vrouwen steeds later zwanger worden, wordt het cervixcarcinoom 
toenemend gediagnosticeerd bij vrouwen die nog een kinderwens hebben. 
Verschillende technieken voor fertiliteit sparende behandeling van het 
cervixcarcinoom zijn beschreven. In het algemeen is het advies om bij tumoren ≤ 
2 cm een vaginale radicale trachelectomie (verwijdering van de baarmoederhals 
waarbij de baarmoeder gespaard wordt) met bekkenklierdissectie te verrichten. Bij 
tumoren van 2 tot 4 cm heeft een abdominale benadering de voorkeur. Een andere 
en wellicht betere strategie is het gebruik van neo-adjuvant chemotherapie om het 
tumorvolume te reduceren, gevolgd door een fertiliteit sparende behandeling en 
mogelijk zelfs minder radicale ingrepen zoals een simpele trachelectomie of zelf 
een conisatie met betere obstetrische uitkomsten als gevolg. Grotere prospectieve 
onderzoeken en bij voorkeur RCT’s zijn nodig om te bevestigen of deze benadering 
veilig is wat betreft oncologische uitkomsten (percentage aanvullende behandeling, 
recidief ziekte) alsook resultaten op gebied van fertiliteit (percentage patiënten dat 
nog zwanger kan worden, percentage dat zwanger wordt), morbiditeit/kwaliteit 
van leven. 
Een andere optie om de morbiditeit van de behandeling te verminderen is een 
betere selectie van patiënten die profijt hebben van een bekkenklierdissectie. 
Hoewel de aanwezigheid van lymfeklier metastasen geen onderdeel is van het 
FIGO stadieringsysteem voor het cervixcarcinoom, is het een van belangrijkste 
prognostische factoren en is er in aanwezigheid van kliermetastasen een indicatie 
voor aanvullende behandeling. Ongeveer 15-20% van de patiënten met vroeg 
stadium cervixcarcinoom heeft positieve lymfeklieren. Dit suggereert dat tot 85% 
van de patiënten voor niets een bekkenklierdissectie ondergaat met het risico op 
het ontstaan van lymfoceles (20%) of lymfeoedeem (10%). Enkele aspecten ten 
aanzien van dit onderwerp zijn van belang. Ten eerste is de preoperatieve selectie 
van patiënten met en zonder lymfeklier metastasen erg moeilijk. Zowel CT-scans als 
MRI’s zijn onvoldoende sensitief in de detectie van kliermetastasen. Gebruik van 
PET/CT is bewezen beter in de opsporing van positieve lymfeklieren met een positief 
en negatief voorspellende waarde van 78.2% respectievelijk 99.4% vergeleken 
met 61% en 96.3% in het geval van een MRI. Micro-metastasen worden echter 
niet opgepikt door de kostbare PET/CT, maar zijn mogelijk wel van belang voor de 
selectie van behandeling. Een andere veelbelovende methode om lymfeklieren te 
onderzoeken is het doen van een zogenaamde schildwachtklierprocedure (SN) die 
al gebruikt wordt bij de behandeling van het vulvacarcinoom. De SENTICOL-studie 
toonde aan dat een schildwachtklierprocedure uitvoerbaar en veilig lijkt wanneer 
een gecombineerde techniek (technetium 99 lymfscintigrafie en Patent Blauw 
injectie) gebruikt wordt en er bilateraal een negatieve schildwachtklier gevonden 
wordt. Cibula et al lieten zien er een significante reductie in algehele overleving 
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was in geval van macro-metastasen (>2mm) of micro-metastasen (0.2-2mm), 
maar dat dat niet het geval was bij de aanwezigheid van geïsoleerde tumorcellen 
(<0.2mm). Als deze bevindingen worden bevestigd in prospectieve onderzoeken 
zou dit in de toekomst kunnen leiden tot een procedure in 2 stappen waarbij na 
een schildwachtklierprocedure een bekkenklierdissectie alleen wordt uitgevoerd 
in aanwezigheid van macro- dan wel micro-metastasen. De aanwezigheid van 
lymfeklier metastasen is van toenemend belang in de keuze voor behandeling 
en is van groot prognostisch belang. Men zou kunnen stellen dat een chirurgisch 
stageringssysteem dus van belang is naast het klinische stageringssysteem zoal dat 
nu gebruikt wordt. 
Hoewel de klinische studies in dit proefschrift laten zien dat er een plaats is voor 
meer radicale chirurgie bij het (hoog risico) vroeg stadium cervixcarcinoom, stelt 
de anatomische studie dat de gunstige uitkomsten niet verklaard kunnen worden 
door de meer radicale resectie van het ventro-caudale parametrium. Welke stap in 
de Okabayashi techniek dan wel verantwoordelijk is voor de gunstige uitkomsten 
moet nader onderzocht worden. Een zogenaamde ‘giant section’ studie en verder 
onderzoek naar de rol van de bekkenklierdissectie staan op de planning.

Slotconclusie

Wij vonden bewijs voor het feit dat een meer radicale hysterectomie met 
bekkenklierdissectie gunstige oncologische uitkomsten heeft in patiënten met 
tumoren groter dan 2 cm en in aanwezigheid van lymfekliermetastasen. In aanvulling 
hierop toonden wij aan dat meer radicale chirurgie niet leidt tot een slechtere 
kwaliteit van leven, maar dat dat wel het geval is voor primaire chemoradiatie. De 
conclusie van dit proefschrift is dan ook dat radicale chirurgie de behandelmodaliteit 
van voorkeur is bij patiënten met een vroeg stadium cervixcarcinoom > 2 cm, ook in 
aanwezigheid van prognostisch ongunstige tumoreigenschappen. 
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DANKWOORD

It always seems impossible untill it’s done – Mandela

Hoewel de weg naar dit proefschrift niet vrij van hobbels was, kijk ik terug op een 
enerverende reis. Ik prijs me gelukkig met mijn goede reisgezelschap en ik kwam 
onderweg veel lieve en inspirerende mensen tegen. Deze mensen wil ik bedanken 
voor hun toewijding, hulp, kritische blik, bemoedigende woorden en liefde.

Om onderzoek te kunnen doen naar kwaliteit van leven is de hulp van patiënten een 
vereiste. Ik dank de vrouwen die de moeite hebben genomen om de vragenlijsten 
over intieme problemen in te vullen. Zij hebben een grote en belangrijke bijdrage 
geleverd aan dit proefschrift. 

Prof. Dr. Kenter – beste Gemma, met jouw komst naar Amsterdam ging voor mij 
een deur open om onderzoek te doen binnen de gynaecologische oncologie, het 
subspecialisme dat inmiddels mijn grote interesse had gewekt. Al snel volgden de 
plannen elkaar snel op, maar bleek de uitvoering soms wat lastiger dan tevoren 
gedacht. Jouw volhardendheid en vertrouwen in een goede afloop zijn van groot 
belang geweest in het realiseren van dit boekje. Op momenten dat ik het zelf niet 
meer helemaal zag zitten, had ik na elk overleg met jou het gevoel dat het nu toch 
écht opschoot en goed zou worden. Eindelijk is het klaar en ben ik trots op het 
resultaat. Veel dank voor alles!

Prof. Dr. Roovers – beste Jan Paul, jouw betrokkenheid bij mijn promotie begon 
bij de PARIS studie, een RCT die helaas geen lang leven beschoren was. Gelukkig 
eindigde onze samenwerking niet en heb jij met jouw expertise op het gebied van 
anatomie en bekkenbodemfunctie een mooie rol gespeeld in de totstandkoming 
van dit proefschrift. Ik kreeg nog nooit zo snel antwoord op mijn verzoeken een 
stuk te reviseren. Dank voor je scherpe analyse en kritische blik. Ik hoop nog eens 
samen een biertje te drinken in Kaapstad!

Dr. van Lonkhuijzen - beste Luc, ik was al even onderweg toen jij opstapte en 
onderdeel van het reisgezelschap werd. Je kwam als geroepen! Jouw ongekleurde 
kijk op het geheel zorgde ervoor dat een en ander in een nieuw perspectief en 
een volgende versnelling werd gezet. Dank voor je nuchtere kijk op het geheel en 
natuurlijk het organiseren van een heus stellingendiner.

Dr. van der Velden – beste Ko, soms voelt het bijna als ‘ons’ proefschrift. Ik kan je 
niet genoeg bedanken voor alle ziel en zaligheid die je in dit boekje en promotie 
hebt gestoken. Met een warm gevoel kijk ik terug op de momenten waarop ik op 
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het blauwe bankje even m’n hart kon luchten, mocht luisteren naar jouw visie op 
radicale chirurgie, maar óók persoonlijke ervaringen met je kon delen. Ik hoop 
ondanks je aanstaande pensioen nog héél veel van je te mogen leren!

Geachte leden van de promotiecommissie: prof. dr. Frederic Amant, prof. dr. Geerard 
Beets,  prof.dr. Lukas Stalpers, prof. dr. Ellen Laan, prof. dr. Mirjam Sprangers en prof. 
dr. Marco de Ruiter, veel dank voor het zorgvuldig bestuderen van het manuscript, 
uw aanwezigheid bij de plechtigheid en de kritische discussie. 

Beste co-auteurs, bedankt voor de prettige samenwerking. Beste Rinske, Willemijn 
en Moniek, ik vond het ontzettend boeiend jullie psychologische kijk op de 
vraagstukken te horen en heb veel geleerd van jullie statistische kunde! Lieve Minke, 
begonnen als wetenschappelijke stage student, inmiddels collega onderzoeker 
binnen het CGOA. Je hebt mij enorm geholpen met de kwaliteit van leven studies 
en gaf een prachtige voorzet voor de QoL artikelen. Gezellig dat je mijn bijrijder 
wilde zijn met het transporteren van alle PARIS spullen. Lieve Annelot, wat hebben 
we veel hitjes op de radio voorbij horen komen daar in het lab… Er leek soms geen 
eind te komen aan al die glaasjes die we aan het plakken en kleuren waren. Dank 
voor de gezelligheid, daverende lach en vooral ook je daadkracht in een tijd dat 
het mij daar door omstandigheden wat aan ontbrak. Lieve Petra, je bent een groot 
voorbeeld voor mij. Wat een gemis dat je er niet meer bent. 

Gynaecologen uit het Zaans Medisch Centrum, veel dan voor alles wat ik leerde bij 
jullie in de eerste maanden van mijn gynaecologische carrière. Beste collega’s in 
het NKI-AvL, de differentiatiestage vorig jaar bracht mij niet alleen goeie klinische 
lessen en operatieve vaardigheden, maar ook een extra boost tot bijdragen aan 
wetenschappelijke onderzoek. Dank voor dat alles! 
Dear Prof. Hennie Botha, Dr. Haynes van der Merwe, consultants and registrars 
from Tygerberg Hospital, thank you so much for taking me as part of your team. 
Although quite exciting, I really enjoyed the dive into the deep and hope to visit you 
again some time soon!

Lieve collega’s uit het OLVG, wat voelt het goed om weer terug te zijn in Oost! Ik 
kijk er erg naar uit om de laatste maanden van mijn opleiding bij en met jullie te 
mogen doen. Lieve oud OLVG-ers, wat een heerlijke tijd heb ik met jullie gehad, 
met Paasloooo als schitterend hoogtepunt! Kunnen we please snel weer een 
keertje weerwolven?

Fijne (oud-)collega’s uit het AMC! In de bijna 10 jaar dat ik nu dokter ben, heb ik 7 
jaar in het AMC doorgebracht als ANIOS, arts-onderzoeker en AIOS. Door de jaren 
heen heb ik met ongelooflijk veel goeie, inspirerende en gezellige mensen samen 
mogen werken. Ik wil iedereen bedanken voor deze mooie samenwerking! Bea, 
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Karin en Monique, dank voor al jullie hulp bij het organiseren van ogenschijnlijk 
onmogelijke afspraken, jullie maakte ze mogelijk. Lieve mensen van H5, de 
koffiekamer voelt soms als een 2e huiskamer, veel dank voor jullie warmte, 
kritische blik en professionele samenwerking. Lieve Lies, dank voor je mentor- en 
vriendschap, ook jij bent een voorbeeld voor me. Lieve Juudje, met ontzettend veel 
plezier ben ik je buddy geweest, nu mag je het helemaal zelf doen en dat kun je 
super goed. Je bent een lieverd en een groot talent! 

11/11/11 – met die carnaval is het destijds niet helemaal gelukt, maar ik ben 
waanzinnig blij met jullie vriendschap! De veelzijdige combinatie van humor, 
professionaliteit, integerheid, ambitie en niet te vergeten gezelligheid en cynisme 
maakt ons verbond uniek! Heel veel dank voor alle steun en plezier! 

Lieve vriendinnetjes, het is klaar! Eindelijk kunnen de jurkjes voor het feest worden 
uitgezocht! Lieve Sannie, ik ken niemand die zó attent is als jij! Dank voor alle 
kaartjes, appjes en fotootjes van mooie herinneringen, ik koester ze. Lieve Mobs, 
fantastische doener die je bent! Ik ken niemand die meer in oplossingen denkt 
dan jij. Of het nou gaat om spijkers uit een vloer trekken, een wijnproeverij voor 
een goed doel organiseren, een strijdplan voor een wetenschappelijke uitdaging, 
de keuze voor de omslag of een persoonlijk advies, jouw input en betrokkenheid 
is altijd van onschatbare waarde! Lieve Vleems, hoewel niet medisch onderlegd, 
denk ik dat er weinig mensen zo goed kunnen vertellen waar mijn promotie over 
gaat als jij. Ik voel me bij jou (en jullie) ontzettend ‘thuis’. Je bent een heerlijk mens, 
zó echt! Love you big time. 

Mijn paranimfen Melanie en Marielle, ookal is het al even geleden dat ik jullie vroeg 
bij mij te staan op deze dag, ik herinner me beide dagen nog als de dag van gister, 
haha! Lieve Mel, onze eerste ontmoeting was in de metro vanuit het AMC, allebei 
ANIOS vol in de strijd voor een oh zo begeerde opleidingsplek. Dat onze wegen 
er ietwat gelijk uit zouden komen te zien hadden we wellicht kunnen bedenken, 
maar dat onze schuitjes zó hetzelfde zouden zijn niet! Heb bewondering voor je 
doorzettingsvermogen, zorgvuldigheid en heldere blik op lastige situaties. Wat ben 
ik blij dat jij naast een fantastisch fijne en goede collega en (hotel)kamergenoot ook 
een goed vriendinnetje geworden bent en vind het te gek dat je vandaag naast me 
staat! Lieve Jel, ik denk dat we onze vriendschap een beetje aan Jasper te danken 
hebben en ben ontzettend blij dat hij op die borrel tóch besloot even een praatje te 
komen maken. Bijzonder hoe onze vriendschap in korte tijd zo groots is geworden. 
Je bent ontzettend trouw, lief en eerlijk. Ik kijk uit naar alle feestjes die wij samen 
nog gaan vieren!! 

Lieve Pappa en lieve Mamma, dank voor jullie onuitputtelijke steun, zelfs in tijden 
dat jullie je wel eens afvroegen of promoveren én gynaecoloog worden nou echt 
zo’n goede combinatie was. De wetenschap dat jullie trots op me zijn en dichtbij 
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zijn in mooie en moeilijke tijden is goud waard. Duizend maal dank voor de 
mogelijkheden die jullie me hebben gegeven om te worden wie en wat ik wil zijn! 
Liefste broer en zus, wat ben ik vreselijk blij met onze onvoorwaardelijke 
vriendschap! 

Lieve Jochem, jouw nuchtere en oprechte karakter laat niets te raden over. Ik ben 
je dankbaar voor het meedenken over het proces als ik het moelijk vond. Fijn dat 
Valesca jouw leven zo compleet maakt en binnenkort officieel ons schoonzusje gaat 
worden! Liefste Nicolette, ik kan onze vriendschap bijna niet in woorden uitdrukken. 
Aan een half woord of een enkele blik hebben wij genoeg. Wat een rijkdom dat 
Michiel, Bobbi en jij zo dichtbij (blijven) wonen. Allerliefste schatten, heb zin in 
lange avonden koken en tafelen met jullie. Dank voor de eindeloze interesse, liefde 
en steun. Zonder jullie zo dichtbij was mij dit nooit gelukt.
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CURRICULUM VITAE
Marloes Derks was born on the 7th of October 1982 in Zutphen, the Netherlands. 
After graduation from secondary school at the Stedelijk Daltoncollege in 2000, she 
moved to Amsterdam to study medicine at the University of Amsterdam. During 
her study, the field of Obstetrics and Gynecology (O&G) gained her interest and 
she completed her academic internship on ‘What pregnant women know about 
Toxoplasmosis’ (Dr. H. Wolf and Dr. T. van Gool). After an internship O&G in rural 
Namibia in 2007 (Onandjokwe Hospital, Ondangwa), she obtained her medical 
degree on the 29th of February 2008. The next day she started as a resident (none 
training) in the Zaans Medisch Centrum (Dr. J. Doornbos). After a few months, her 
career continued in the Academic Medical Centre (Prof. Dr. M.J. Heineman) where 
she came across the field of gynaecologic oncology and started to combine her 
clinical tasks with some first steps in research, supervised by Prof. Dr. G.G. Kenter. 
In May 2012 she started her residency in O&G at the Onze Lieve Vrouwe Gasthuis 
(Dr. D.J. Bekedam and Dr. E.M. Kaaijk). After 2 years of academic training in the 
Academic Medical Centre (Prof Dr. J.A.M. van der Post)  she did a special rotation 
in gynaecologic oncology at the Antoni van Leeuwenhoek hospital (Dr. M. van 
Beurden) followed by 3 months of residency in the Tygerberg Hospital in Cape 
Town, South Africa (Dr. H. Botha). In the autumn of 2017 she started her last year 
of residency at the OLVG and expects to finish her training by November 2018. 
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