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An introduction to gastric cancer

Worldwide, gastric cancer represents a major health problem as one of the leading
causes of cancer-related deaths. For example in 2012, 951,600 cases and 723,100
deaths have been estimated to have occurred worldwide [1]. Major worldwide
differences in gastric cancer incidence rates exist with the highest reported
incidence in men in Japan and Korea, at 66.7/100,000 and 64.6/100,000
respectively. Much lower rates are observed in men in the United States (5.3 to
10.4/100,000), U.K. (8.9/100,000) and the Netherlands (9.3/100,000). There is also
an almost universal male predominance with a male to female ratio of
approximately 3:2 [1].

Surgery is the only treatment that can offer cure or long term survival for gastric
cancer patients. However, especially in Western countries where incidences are
much lower, gastric cancer is often not diagnosed until an advanced stage of
disease. Therefore patients are often found to have inoperable disease. This fact
is underlined by national registry findings. In 2015 the Dutch national cancer registry
(IKNL) registered 1165 new cases of gastric cancer in the Netherlands, not including
cardia malignancies. In the same year 428 patients underwent surgery for gastric
cancer in the Netherlands according to the Dutch Upper GI Cancer Audit [2, 3].
Notably, there are differences in these resection rates even within Western Europe
with a much lower rate (i.e., 21.6% for gastric cancer) in the U.K. [4].

Important improvements in the treatment of gastric cancer patients were not in
the surgical field. Effects of chemotherapy and radiotherapy have been studied.
Introduction of perioperative chemotherapy has shown to improve progression-
free and overall survival as shown by the results of the MAGIC trial in 2006 [5].
Patients from the MAGIC trial were treated with epirubicin, cisplatin and fluoruracil
(ECF) regimen. In more recent studies, changes in chemotherapeutic agents seems
to further improve results. Docetaxel based regimen FLOT (fluoruracil, leucovorin,
oxaplatin and docetaxel) showed improved results over ECF regimen in terms of
more frequent complete histopathological response and less adverse events [6].
The role of adjuvant radiotherapy in addition to chemotherapy is still not very clear.
Meta-analysis of randomized controlled trials totaling 3347 patients from 15 trials
did not show benefits of chemoradiotherapy over chemotherapy alone [7]. 

High-risk surgery

Gastric cancer surgery is considered high-risk surgery and is associated with
significant morbidity and mortality. Reported 30-day mortality rates from national
registrations vary in the U.S. and Europe from 3.5 to 6.9% [4, 8]. Major
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complications after gastrectomy for gastric cancer include: anastomotic leakage
or stenosis, bleeding, abscess, surgical site infection and also pulmonary
complications such as pneumonia. Reported complication rates vary from a
relatively low rate (i.e., 17.4%) reported in a Korean study to a high rate of 36% of
patients having a complication after total gastrectomy in a United States
nationwide database study [8, 9].

Surgical risk assessment and the elderly patient

In the elderly patient gastric cancer surgery carries more risks with an increase in
complications and mortality [10, 11]. This is likely due to a higher incidence of
comorbidities and possibly reduced functional residual capacity. The fact that age
is not sufficient to exclude patients from treatment is fairly widely accepted [12-
14].

In order to further classify the patient's general condition, ASA-physical status
(American Society of Anaesthesiologists) was first introduced in the 1940s in a
publication entitled: 'Grading of patients for surgical procedures' [15]. It defines
the six degrees of 'physical state' in order to create a common language for
communicating about the preoperative condition of the patient. This has gained
widespread acceptance as a scoring system for determining a patient’s physical
status and is widely used to assess risks from surgery. The high degree of
interobserver variability is a problem for the ASA classification, i.e. different scores
are given by different assessors to the same patient [16]. Moreover, it is also limited
as a predictor for an adverse postoperative course; it performed moderately for
prediction of postoperative mortality in a meta-analysis [17].

Scoring comorbidities by means of a scoring system such as the Charlson
Comorbidity Index (CCI) is a method that can also determine risk of mortality [18].
The CCI has a more defined scoring system than the ASA classification and can be
expected to have less interobserver variability. Octo- and nonogenarians who
underwent gastric cancer surgery were found to have higher morbidity and
mortality rates associated with higher CCI (CCI ≥ 5) [19]. However, a study which
included 139 patients in Germany, found that age rather than increased CCI was
an independent predictor for adverse postoperative events [20]. 

These date imply that age and comorbidities are not universally found to be
predictors for adverse outcome. Also, it is important to realize that surgical risk
assessment is complex and general physical status is only a component of overall
assessment.
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Geriatric frailty

It is axiomatic to say that a patient's chronological age does not necessarily
correspond with the biological age. There are a multitude of biological markers,
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some more evident than others, that give an indication of a person's biological
age. Geriatric frailty is a concept which can loosely be translated to biological age.
It is defined as a state of increased vulnerability to stressors in older individuals,
which leads to an increased risk of developing adverse health outcomes [21].

Geriatric frailty has been gaining increasing attention in recent years as a predictor
of adverse outcome after surgery, because in Western countries gastric cancer is
a disease predominantly in the elderly and in an ageing population worldwide [22,
23]. Therefore, geriatric frailty assessment is a very useful tool for preoperative
risk assessment in gastric cancer patients. 

The frailty phenotype proposed by Fried et al. describes presence of one or more
of the following components: shrinking (i.e, unintentional weight loss), weakness
(decreased grip strength), poor endurance and energy (self reported exhaustion),
slowness (i.e., slow walking speed) and low physical activity level [24]. 



Assessment methods of geriatric frailty are not uniform between studies but the
basic concept remains the same. All components of Fried's frailty phenotype can
be measured or screened for in a variety of manners. By performing a
comprehensive geriatric assessment (CGA) thorough assessment of parameters
of frailty can be achieved. It is usually performed by trained professionals in an
outpatient setting. It employs the use of clinical history taking, a variety of
questionnaires and physical tests (e.g., grip strength measurement or timed get-
up-and-go test) to assess or screen for the presence of frailty components. For
instance, weakness can be measured by measuring grip strength or by using
questionnaire items that give an indication of low physical strength. This is true
for most components of frailty. Performing a CGA is a time- and therefore resource-
consuming effort. 

Questionnaires have been developed as a low-cost, low-effort, low-resource
consuming method to assess or screen for presence of frailty in elderly individuals.
Examples that have been used in surgical patients include the Hopkins Frailty score
and Edmonton Frail Scale [22, 25]. For example, scores > 7 on the Edmonton Frail
Scale, were associated with increased complications after non-cardiac surgery [25].
Frailty was also associated with increased postoperative complications and length-
of-stay in patients who underwent various types of elective surgery [26]. 

Thus, age and physical status (i.e., ASA classification) do not provide adequate risk
assessments especially in elderly patients with gastric cancer. Frailty may improve
estimation of perioperative risks. Also, previous studies suggest that frailty
questionnaires provide clinically applicable solutions for frailty assessment.

Body composition and sarcopenia

As mentioned earlier, developing tools to identify patients who are at an increased
risk for adverse events is very important. Current surgical risk assessment is
complex and prone to interobserver variability. Therefore tools that can provide
a reliable measurement would be of great value. 

Such a tool would preferably also give a good indication of the patient's
physiological reserves. It could hypothetically better predict a person's tolerance
of (surgical) stressors and therefore risk of adverse outcome after surgery. Analytic
morphomics employs the use of medical imaging to measure specific biomarkers
from patients. Taking advantage of the fact that most patients who undergo major
surgery have had radiographic imaging performed preoperatively. An abdominal
CT (computed tomography)-scan with intravenous contrast agent enhancement
is standard care for all gastric cancer patients. Most often thoracic CT-scan imaging
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is performed at the same time. Measurement of fat area and muscle area on CT-
scan imaging can be performed relatively easily and with very low interobserver
variability [27, 28]. 

Visceral obesity (i.e., high intraabdominal fat area) has been associated with
prolonged operative time, more surgical site infections and overall more
complications for instance in elective laparoscopic colorectal surgery [29]. In this
study no differences in outcome were observed when patients were classified as
obese based on body mass index (BMI). In another study patients with low visceral
fat area had significantly worse oncological outcome, i.e., overall- and disease-free
survival, after surgery for hepatocellular carcinoma [30]. 

Markers for skeletal muscle size have also been investigated for use as a predictor
for adverse outcome after surgery. Sarcopenia, or loss of muscle mass and
function, is an important area of investigation. Sarcopenia is a complex syndrome.
The European Working Group on Sarcopenia in Older People (EWGSOP) states that
low gait speed or low grip strength in addition to low muscle mass is required for
diagnosing sarcopenia in older individuals [31]. However, sarcopenia and loss of
muscle mass, although strictly speaking not the same, are often used
interchangeably in literature [32-36].  

Studies have shown an association between low skeletal muscle mass, which is
closely related to sarcopenia, and worsened short-term as well as long-term
outcomes after surgery for gastrointestinal malignancies [35, 37, 38]. 
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A brief history of laparoscopic gastric cancer surgery 

Reducing the impact of the surgical intervention in elderly and more frail patients
may help improve outcomes of gastric cancer surgery. One of the ways of
achieving this might be the implementation of laparoscopic gastric cancer surgery. 
In 1901 Georg Kelling (1866 - 1945), a German physician in Dresden, performed the
first laparoscopic intervention in a dog by using a cystoscope [39]. In a 1910
publication titled "The Possibilities for Performing Cystoscopy in Examinations of
Serous Cavities" Hans Christian Jacobaeus published his first experiences in
laparoscopic surgery in humans. Initially used for diagnostic purposes, the first
non-diagnostic publications started to appear in the 1930s [40]. Increasing interest
by general surgeons came after the first acknowledged laparoscopic
cholecystectomy by using four trocars in 1987 by the French gynecologist Mouret
[41]. There were others before him such as Lukichev in 1983 and Muhe in 1985, but
their techniques did not receive as much attention [41]. 

The first laparoscopic cholecystectomy and subsequent acceptance of this new
technique was made possible by rapid advances in development of the video
computer chip and therefore projection and magnification of images on television
screens [40].

As experience with laparoscopic surgery grew, Kitano et al. described the first
laparoscopic assisted distal gastrectomy for gastric cancer in 1994 [42]. They
described a technique that was, at that time, still difficult due to lack of appropriate
laparoscopic instruments and techniques. During the following years, especially in
Japan and Korea, laparoscopic surgery gained more and more acceptance for
treating early gastric cancer. Later, with growing experience and improvements
in equipment, lymph node dissection and thereby treatment of more advanced
stage gastric cancer became possible and more commonplace [43-45]. Yearly
numbers of minimally invasive procedures for gastric cancer in Japan grew from
just under 1000 procedures in the year 2000 to 4500+ procedures in 2007 [46].

The goal of laparoscopic surgery is to reduce the surgical trauma to the patient
and thereby reduce the overall impact of the procedure on the patient. This can
result in reduction of intraoperative blood loss, less pain and use of pain
medication, fewer complications and reduced length of stay. This also holds true
for laparoscopic gastric cancer surgery. An issue with laparoscopic surgery related
to the oncological safety and adequacy. Currently there is not a large body of
evidence but studies until now suggest that similar oncological outcomes at five
years can be achieved by laparoscopic surgery [47-49].
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Health care costs and business intelligence

As mentioned above, invention of new techniques and finding clinical applications
as well as expanding knowledge and using new techniques is a long and laborious
process. It can take years and sometimes decades before new techniques gain
widespread acceptance and use. 

Nowadays governmental organizations and health insurance companies have a
major influence on the regulation of costs in healthcare due to the economic
circumstances. Health care providers therefore have to prove implementation of
new techniques is cost-effective, both for hospital organizations as well as society
as a whole. Data on health care costs related to laparoscopic surgery for gastric
cancer have been lacking.
Business intelligence is a term used to describe a set of efforts (strategies,
processes, applications, data and technology) directed towards gathering and
analyzing data of business information [50]. This can be carried out in different
ways. Business intelligence can be used to analyze different aspects of a business
process in order to identify weaknesses or potential for improvement. For
example, data from the hospital's fully digitized patient information system that
also registers operating room process times (i.e., time of entry into the theatre,
time of incision and closure and total operating room occupancy) can be analyzed
to study efficiency.  

Quality of life 

Survival after gastrectomy for gastric cancer is increasing in part due to better
surgical techniques and also improvement of perioperative chemotherapy [5, 51].
Because of this, quality of life after treatment for gastric cancer is becoming
increasingly important. 

Gastric cancer patients who have undergone major surgery can have a plethora of
symptoms, which may be due to the change in bowel continuity and absence of
the reservoir function of the stomach or due to (neo)adjuvant chemotherapy. Such
symptoms include loss of appetite, early satiety, reflux, dysphagia or change of
stools. Specific to chemotherapy-related symptoms are hand-foot syndrome
(related to capecitabin) and organ toxicity (e.g., ototoxicity of cisplatin). Some of
these are temporary and reversible whilst others are permanent. All these can
potentially have a profound impact on a gastric cancer patient's Health-Related
Quality of Life (HRQoL) [52].

HRQoL assesses multiple dimensions of a person's well being. This includes
physical, medical, psychological and social parameters secondary to a disease and
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its treatment. HRQoL is becoming one of the more important outcome
measurement in cancer treatment. Assessment of the impact of treatment on
quality of life helps health care professionals to focus and improve specific aspects
of treatment strategies. Importantly, on the other hand, a better understanding
of HRQoL can help informing patients about short and long-term risks and benefits
of treatment. 

General introduction and outline

15



Aims and outline of the thesis

The first aim of this thesis was to provide a structured review of current literature
concerning improvements in gastric cancer surgical care. Part one of this thesis
will provide an overview of literature on advances in the preoperative-, intra-
operative and postoperative stage as well as regional organization of gastric
cancer surgery. 
This thesis aimed to investigate factors that can preoperatively be assessed and
possibly be used as predictors for adverse outcome after surgery. Part two of this
thesis provides two studies which deal with this. In the first study geriatric frailty
and nutritional status are evaluated. In the second study, body composition
measurements such as sarcopenia are assessed for their use as predictors of
adverse postoperative outcome.
Introduction of new techniques always results in a comparison between the
traditional approach and the new. The aim of part three of this thesis was to
investigate the impact of introduction of the laparoscopic technique for gastric
cancer and mainly focuses on its cost and organizational aspects. 
Part four, the final part of this thesis, provides an insight into the impact of gastric
cancer surgery on the Quality of Life of patients. 
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Abstract

Gastric cancer remains a significant health problem worldwide and surgery is
currently the only potentially curative treatment option. Gastric cancer surgery is
generally considered to be high risk surgery and five year survival rates are poor,
therefore a continuous strive to improve outcomes for these patients is warranted.
Fortunately, in the last decades several potential advances have been introduced
that intervene at various stages of the treatment process. This review provides an
overview of methods implemented in the pre-, intra- and postoperative stage of
gastric cancer surgery to improve outcome. Better preoperative risk assessment
using comorbidity index (e.g. , Charlson comorbidity index), assessment of
nutritional status (e.g. , short nutritional assessment questionnaire, nutritional risk
screening - 2002) and frailty assessment (Groningen frailty indicator, Edmonton
frail scale, Hopkins frailty) was introduced. Also preoperative optimization of
patients using prehabilitation has future potential. Implementation of fast-track
or enhanced recovery after surgery programs is showing promising results,
although future studies have to determine what the exact optimal strategy is.
Introduction of laparoscopic surgery has shown improvement of results as well as
optimization of lymph node dissection. Hyperthermic intraperitoneal
chemotherapy has not shown to be beneficial in peritoneal metastatic disease thus
far. Advances in postoperative care include optimal timing of oral diet, which has
been shown to reduce hospital stay. In general, hospital volume, i.e. ,
centralization, and clinical audits might further improve the outcome in gastric
cancer surgery. In conclusion, progress has been made in improving the surgical
treatment of gastric cancer. However, gastric cancer treatment is high risk surgery
and many areas for future research remain. 
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Introduction

Gastric cancer constitutes a major health problem worldwide and is one of the
leading causes of cancer-related deaths. In the United States gastric cancer
compromises only 2% (25.500 cases) of all new cancer cases yearly. In Korea it is
the leading form of cancer constituting 20.8% of malignant neoplasms. The number
of deaths due to gastric cancer has decreased from 774,000 in 1990 to 755,000 in
2010 worldwide. It remains however, the second leading cause of cancer death
after lung cancer [1]. Prognosis of gastric cancer is relatively poor with an overall
five-year survival rate for gastric cancer in the U.S. between 1999 and 2005 of 27%
[2]. For localized disease 5-year survival rate was 63%, but only 23% of all gastric
cancer cases were diagnosed at this stage [2]. In 2008 gastric cancer was
responsible for a disability-adjusted life-year (DALY) rate of 241 per 100,000 for
males and 146 per 100,000 in females worldwide, which is 9.8% and 6.3% of total
cancer related DALY-rates respectively [3]. 
Surgery is the mainstay of treatment for gastric malignancy. In European and other
Western countries gastric cancer surgery is regarded to be high risk surgery and
there are major differences in outcome between countries [4]. Therefore,
knowledge to improve the outcome of gastric cancer treatment is of great
importance. As with all operations perioperative planning of this type of surgery
is crucial for the clinical outcome of treatment, not only in terms of morbidity but
also in functional recovery and hospital stay. Many efforts have been made to
improve outcome after surgery for these patients in pre-, intra- and postoperative
stage of treatment. Not only surgical efforts have been implemented, medical
oncology has also contributed a great deal with neoadjuvant and adjuvant
chemotherapeutic regimens for example. However, these advances are beyond
the scope of this review.
This paper will provide a structured review of current literature that deals with
advances in surgical care for gastric cancer patients in the preoperative-, intra-
operative- and postoperative stage. Literature will be discussed in this order.
Lastly, advances in organization of surgical care will be discussed.  
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Advances in preoperative care

Surgical morbidity in gastric cancer surgery is reported to be as high as 39% [5].
Therefore much effort should be made in preventing morbidity and mortality.
Needles to say, the preferential moment to assess the risk of morbidity and
mortality is during preoperative work-up. Gastric cancer patients in Western
countries constitute a group that is especially frail to surgical treatment due to the
condition in which patients usually present at time of diagnosis. An example is the
reported rate of malnutrition as high as 85% [6]. The on average poor physical state
and advanced age as well as disease stage contributes to poorer outcomes in
Western countries as compared to Eastern countries such as Japan and Korea
where nationwide screening programs exist to diagnose gastric cancer at an early
stage [7].
Preventing morbidity is becoming especially important since multidisciplinary
treatment schedules are becoming the standard in gastric cancer. Deterioration
of general condition or delay because of required rehabilitation time due to serious
adverse events (e.g. abdominal sepsis due to anastomotic leakage requiring long-
term ICU treatment) may disqualify a patients for his/her treatment.

Surgical risk assessment

Surgical risk assessment can be complex. Several risk scores have been introduced.
A globally used risk-score is the ASA-Physical status and was first introduced in 1941
[8]. To the best knowledge of the authors, ASA physical status as a risk  factor has
not been extensively investigated in gastric cancer surgery. ASA-physical status is
only a component of the overall risk assessment. Moreover, it might also be subject
to interpretation by the assessor. Different ASA classifications may be ascribed by
different assessors depending on which factors are taken into account [8]. The
ASA classification is also a quite  non-specific instrument. Moreover, it is just a
momentary status, without any clues to improve its figure in the future. By
definition each cancer patient is having systemic disease and only therefore already
ASA 2-classified. Practical applicability of this classification remains a challenge not
only in daily practice but also in clinical research. Therefore new classifications have
been developed. 
The Charlson Comorbidity Index (CCI) was developed as a method for classifying
comorbid conditions that determine risks of mortality [9]. CCI was later identified
and validated in a surgical setting for prediction of mortality risk in patients
undergoing complex gastrointestinal surgery [10]. It was shown in octo- and
nonagenarians who underwent radical gastrectomies that these elderly patients
had higher morbidity and mortality rates, and this was associated with higher CCI
≥5) [11]. Cancer specific survival was comparable to younger patients [11]. In
another cross-sectional study the only independent factor predicting mortality was
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the presence of comborbidity and not age [12]. In contrast, a German study which
included 139 gastric cancer patients did not find a significant correlation between
CCI and the occurrence of morbidity and mortality postoperatively [13]. In
multivariate analysis age was found to be an independent factor for postoperative
events. 
Several patient factors associated with an impaired outcome after gastric cancer
surgery have been reported over the years. In a series of 118 laparoscopic total
gastrectomies, male gender was independently associated with postoperative
morbidity [14]. Overweight patients (i.e. BMI>25 kg/m2) are at an increased risk of
complications; this was shown in a large prospective series of 1,853 patients [15].
This showed increased complication rate (47.9% vs. 35.8%, P<0.001). Obese patients
especially had more anastomotic leakages (11.8% vs. 5.4%) and wound infections
(8.9% vs. 4.7%). Several other studies have also shown the association between
higher BMI and increased postoperative morbidity [16-18]. Although no valid
explanation for this finding is reported; it is suggested that in open and
laparoscopic surgery, obesity is associated with more technical difficulties [19]. 
A history of upper abdominal surgery is not a contraindication for laparoscopic
gastrectomy. In a series of 22 cases with previous upper abdominal surgery (PUAS)
no differences were found for operative time, blood loss or conversion to open
surgery when compared to patients without a history of PUAS [20]. In a larger
series of 50 patients with a history of laparotomy similar results were obtained for
laparoscopic assisted gastrectomies [21]. Also, when compared to open surgery
in patients with PUAS laparoscopic gastrectomy was performed with comparable
postoperative outcome [20]. 
The literature fairly uniformly states that age should not be factored in clinical
decision making. Rather comorbid conditions and general condition are far more
important factors predicting adverse outcomes. It remains challenging to
adequately assess a patient's general condition and decide what factors exclude
a patients from surgical treatment. Therefore, we discuss some of the features
that are crucial to take into account during preoperative work-up. 

Nutritional status

Gastric cancer patients are at a high risk for malnutrition and between 30 and 38%
of patients are reported to have >10% weight loss in the past six months [22]. A
imbalance between energy expenditure and nutritional supplementation is the
fundamental physiologic derangement leading to cancer-induced weight loss.
Tumor related causes of malnutrition include early satiety and obstruction, but also
tumor induced metabolic alterations [6]. Additionally, malnutrition is associated
with increased morbidity and mortality after gastric cancer surgery [6]. It is highly
important to thoroughly screen patients for malnutrition as interventions can be
done to preoperatively improve nutritional status and subsequently surgical
outcome. Both malnourishment and weight loss are associated with poor clinical
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outcome after surgery
[23]. 

Questionnaires

An easy and non-invasive
tool to estimate the
patient’s physical and/or
mental condition
preoperatively is the use
of questionnaires. Several
questionnaires have been
developed to identify
patients at risk for
malnutrition. The Short
Nutritional Assessment
Questionnaire (SNAQ)
and Malnutrition
Universal Screening Tool
(MUST) scores are
commonly used
nutritional screening
tools in surgical patients
(see Table 1) [24, 25].
These questionnaires
accurately screen for
malnutrition and are
obligatory in some
Western countries as a
part of governmental
health care quality
programs [26, 27].
Although it is easy to
apply, evidence for the
value of nutritional
screening tools to predict
postoperative outcome in gastric cancer  surgery is scarce. It has been shown that
screening for nutritional risk in gastric cancer surgery patients using NRS 2002 is
helpful. Increased scores are associated with more complications and increased
length-of-stay [28]. The authors group recently published a study in which SNAQ
was used to evaluate risks of adverse postoperative events after gastric cancer
surgery. A SNAQ≥1 was associated with increased severe complications (17.7% vs.
35.7%, P=0.02) and in-hospital mortality (OR5.1, 95% CI 1.01 to 23.8, P=0.04) [29].
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Table 1. Malnutrition Universal Screening Tool (MUST) and
Short Nutritional Assessment Questionnaire (SNAQ),
screening tools for detecting malnutrition

MUST Points
Step 1. Body Mass Index
>20 0
18.5-20 1
<18.5 2
Step 2. Unintentional weight loss past 3-6 months
<5% 0
5-10% 1
>10% 2
Step 3. Acute disease effect
If patient is acutely ill and there has been or is 
likely to be no nutritional intake for >5days 2

Risk of malnutrition
0= Low risk
1=Medium risk
2 or more=High risk

SNAQ
Did you lose weight unintentionally?
More than 6 kg in past 6 months
More than 3 kg in past 3 months
No
Did you experience a decreased appetite over the last month?
Yes
No
Did you use supplemental drinks or tube feeding over the last
month?
Yes
No

Risk of malnutrition
1=no intervention
2=moderately malnourished
3=severely malnourished



The detection of nutritional depletion is important, especially with neo-adjuvant
therapies potentially further compromising the nutritional and metabolic status
[30]. Questionnaires are subjective methods to assess nutritional status and
therefore methods  to objectively measure a patient's condition might improve
outcomes. 

Sarcopenia

Sarcopenia, or the decrease of muscle tissue, is a part of the cachexia syndrome
[6]. Presence of sarcopenia has been shown to affect short-term postoperative
outcome with increased morbidity and mortality rates in patients undergoing liver
resection for colorectal liver metastases [31]. It also predicts adverse long-term
outcome in liver and pancreas surgery for malignancy [32, 33]. The method for
measuring sarcopenia in these studies was to calculate the total muscle or psoas
muscle cross-sectional area using a specialized software package (e.g. OsiriX5.5.2,
open-source software) on Computed Tomography (CT) imaging on a set level (e.g.
at the level of spinous process of lumbar vertebra L3). This could also be a useful
method in gastric cancer patients as they all have preoperative staging CT-imaging
of the abdomen. However, as far as the authors are aware no literature on this
subject exists to date. Other objective parameters such as lowered preoperative
serum albumin levels have been identified as risk factors for postoperative
complications after surgery for gastrointestinal carcinomas [34, 35]. However, the
latter risk factors remain under debate as some authors dispute the role of
malnutrition and lowered serum albumin levels as risk factors for impaired
outcome after gastric cancer surgery [36].
For the future it is important to establish objective screening tools to detect
malnutrition in surgical patients as these are related to perioperative outcomes.
More importantly, studies need to be done to establish whether correction of
nutritional status results in improved outcome.

Frailty 

In Western countries gastric cancer is a disease of the elderly, and therefore
geriatric aspects have an important role in these patients. Frailty is defined as a
state of increased vulnerability towards stressors in older individuals, leading to
increased risk of developing adverse health outcomes. Geriatric frailty is
considered by Fried et al. to be a clinical syndrome in which three of the following
five aspects are present. These are: unintentional weight loss (10 lbs in the past
year), self-reported exhaustion, weakness (grip strength),  slow walking speed,
and low physical activity [37]. Methods for assessing frailty are numerous. They
range from a comprehensive geriatric assessment (CGA), which often employs the
use of multiple questionnaires and short physical tests (e.g. 4-meter walk test, grip

Improving outcomes in gastric cancer surgery

27



strength measurement) to using specific frailty questionnaires (e.g. Edmonton Frail
Scale). 
Frailty assessment is an emerging method to aid surgical risk assessment and it is
rapidly gaining evidence based support [38, 39]. It has been shown that scores on
the Edmonton Frail Scale (EFS) >7, i.e. increased frailty, were associated with
increased complications after non-cardiac surgery (OR 5.02, 95% CI 1.55-16.25) [38].
The relation between frailty and adverse postoperative outcomes has also been
shown in patients undergoing cardiac surgery [40] and patients undergoing
various types of elective surgery [41]. Some use tools such as EFS or Hopkins Frailty
Score that include various tests with regards to cognition, ADL function and more
(including laboratory tests such as serum albumin) [38, 39]. Recently published
results from a large prospective study with patients who underwent general,
oncologic and urologic procedures confirmed these findings in a larger patient
population (n=189) [42]. They showed that 'intermediately frail' or 'frail' as judged
by the Hopkins Frailty score was an independent predictor for complications.
Another example of frailty assessment questionnaire is the Groningen Frailty
Indicator [43]. This questionnaire was used in a retrospective study to evaluate
frailty assessment as a predictor for adverse outcome after gastric cancer surgery.
In this recent study, incorporating 180 patients, increased GFI was significantly
associated with postoperative morbidity and in-hospital mortality [29]. 

Prehabilitation

A novel strategy for improving outcomes after surgery is by preoperatively
improving the functional, nutritional, physical and neurophysiological state of
patients also called prehabilitation [44]. This type of intervention might prove to
be especially beneficial in elderly patients because they are often compromised in
these aspects. Most available literature on prehabilitation concerns joint
replacement surgery. A pilot study has been published that evaluates
multimodality prehabilitation interventions in colorectal surgical patients [45]. This
study uses a trimodal approach of preoperative exercise, nutritional intervention
(dietary behavior counseling and proteins supplementation) and anxiety reduction
training (also aimed at increasing compliance of exercise and nutritional
intervention). Multimodal approaches have yielded promising preliminary results
such as better walking capacity in the weeks after surgery and higher physical
activity levels after surgery compared to controls [45, 46]. Because in Western
society gastric cancer is predominantly a disease of the elderly, prehabilitation may
provide a promising effort for improving outcomes in these patients in the future
[47].
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Staging laparoscopy and wash cytology

Preoperative staging laparoscopy improves detection of peritoneal metastases
not otherwise detected by preoperative ultrasonography or CT imaging [48]. It
can therefore prevent an unnecessary explorative laparotomy or change
management in up to 60% of cases [49, 50]. An expert panel concluded that a
staging laparoscopy should be performed for reasons mentioned above,
exceptions being early gastric cancer or known metastatic disease [51].
Also, during staging laparoscopy peritoneal wash cytology can be obtained to
detect intraperitoneal free cancer cells (IFCC). This has been shown to be a
predictor for early recurrence after curative intent surgery [52]. It is even a negative
prognostic factor in overt peritoneal metastases in patients with suspected serosal
invasion with median survival times of 14.0 and 10.0 months in patients without
and with positive cytology respectively [53]. 
In patients with overt peritoneal metastases HIPEC together with cytoreductive
surgery has been considered as additional treatment. A recent review concluded
that HIPEC was not beneficial for these patients [54]. 

ERAS and Fast-track programs

Enhanced recovery after surgery (ERAS) programs have been developed and
implemented with great success in colorectal surgery [55]. All recommendations
by the ERAS society for colonic surgery (see also: http://www.erassociety.org/
index.php/eras-care-system/eras-protocol) can potentially be implemented in
gastric cancer patients, i.e. early removal of urinary catheter, prevention of
postoperative ileus, postoperative analgesia, and early mobilization and
resumption of normal diet [56]. Important to note is that ERAS protocols not only
include recommendations on postoperative care, but also preoperative measures
(e.g. counseling) and intra-operative measures (e.g. avoidance of salt and water
overload and use of short acting anesthetic agents). In recent years efforts have
been made to develop, implement and evaluate the effect of similar programs in
gastric cancer surgery. Studies on the timing of oral intake after gastrectomy for
gastric cancer are sparse. Small studies that exist have evaluated early oral feeding
as safe and feasible [57]. This study started liquid intake on day 1-2 and soft diet
on postoperative day 3. Other comparative studies showed significantly shorter
hospital stay (e.g. 5.7 vs. 9.2 days) and earlier return of bowel function [58-60].
Although the strategies for early oral feeding were different, ranging from oral
diet on day one to liquid diet on day two followed by soft diet from day three until
discharge, their findings were that it is safe and potentially leads to shorter
hospital-stay. 
A randomized comparison between fast-track surgery and conventional care in
gastric cancer patients (n=45 and n=47 respectively) showed less stress response
in the fast-track surgery group [61]. This was measured by serum TNF-alfa, CRP
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and interleukin-6 levels. Also, fast-track patients had a shorter hospital stay and
higher quality of life with no increase in complications. Yamada et al. compared
ERAS (n=91) with conventional care (n=100) after gastrectomy and found that
ERAS was associated with less postoperative pain and analgesics use [62]. There
was no difference in complication rates between ERAS and conventional care. They
did not find a significant difference in mean length-of-stay. 
The implementation of a fast-track or ERAS program was also investigated as an
addition to laparoscopic procedures [63-65]. A consecutive series of 32 patients
showed that it was safe and had similar postoperative results [63]. In addition, a
randomized clinical trial in gastric cancer patients including 22 fast-track and 22
conventional care patients showed a shorter length of stay for fast-track patients
(5 vs. 8 days, P<0.001) but no difference was noted for postoperative pain [64].
Chen Hu et al. found that the laparoscopic assisted procedure with the addition
of a fast-track approach resulted in shortest length-of-stay [65]. 

Advances in intraoperative care

One of the most significant and fundamental developments in gastrointestinal
surgery in the last decades has been the introduction of the laparoscopic
technique. Large incisions are avoided and surgical trauma is minimized. 

Laparoscopic surgery

Introduced in Asia in the early nineties, a laparoscopic approach was first
implemented for the treatment of early gastric cancer (EGC) [66]. Early reports
comparing open and laparoscopic surgery for EGC showed several advantages of
the laparoscopic approach over conventional open surgery. These included less
intra-operative blood loss, less postoperative pain and shorter length-of-stay. Also
serum markers indicating postoperative stress were lower, i.e. lower C-reactive
protein level on day 7, leukocyte count and interleukin-6 levels [67]. There were
no significant differences in operation time, number of harvested lymph nodes and
postoperative complications [67, 68]. A meta-analysis evaluating randomized
controlled trials and high quality non-randomized controlled trials on laparoscopic
versus open approach for distal gastrectomy for cancer showed that major
complications and mortality rates were similar between procedures and concluded
that the laparoscopic approach is safe [69]. However, the majority of patients
studied had EGC and therefore comparison to a Western population case mix is
hard. The results further showed additional benefits of fewer overall and minor
complications, shorter length-of-stay (Weighted Mean Difference -3.6 days) and
less blood loss [69]. Also, a longer operation time and lower number of harvested
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lymph nodes was reported for laparoscopic gastrectomy. Several other reviews
and meta-analyses have been published on this subject since (see Table 2) [69-73].
The general conclusion of these studies is that the laparoscopic approach offers
improved recovery after surgery at no compromise of morbidity and mortality.
The laparoscopic approach for performing a total gastrectomy for gastric cancer
is technically more demanding and has therefore not gained as much widespread
acceptance as the laparoscopic distal gastrectomy. A systematic review and meta-
analysis by Chen et al. showed similar differences between laparoscopic assisted
total gastrectomy and total distal gastrectomy, i.e. longer operative time, shorter
hospital stay, a decrease in medical complications and no difference in operative
mortality [74]. It included nine studies comprising 1,221 patients (436 laparoscopic
procedures and 758 open procedures), but none of the studies were RCT’s. All but
one study included both EGC and advanced stage disease patients. Nevertheless,
the authors concluded that laparoscopic approach for total gastrectomy can be
performed safely and with improved outcome in experienced surgical centers [74].
As mentioned, most reported studies report on laparoscopic procedures for EGC.
The laparoscopic approach for advanced stage disease has also been shown to be
associated with shorter length-of-stay and less blood loss with comparable
morbidity and mortality rates [75-77]. Also similar oncological outcomes are
reported for laparoscopic surgery in advanced stage disease [78]. A systematic
review and meta-analysis on distal gastrectomy for advanced gastric cancer
concluded that further prospective controlled studies are needed for a
comprehensive comparison.
A critical issue with the laparoscopic approach is oncological adequacy. The
evidence for this is still sparse although a few studies report similar oncological
outcomes for laparoscopic procedures at five years [75, 76, 79]. 

Advances in intraoperative care: surgical strategies and techniques

Lymph node dissection

Differences in treatment outcome between Asian and Western countries remain
striking. The debate continues whether this is due to a more extensive approach
of lymph node dissection advocated by the Japanese Gastric Cancer Association.
D2 lymphadenectomy has been shown to increase survival in Chinese patients [80].
Results from randomized trials performed in the Netherlands and United Kingdom
showed an increased morbidity and mortality rate in the D2 group and no survival
benefit [81, 82]. Fifteen-year follow-up results of the Dutch trial showed that D2
resection was associated with lower regional recurrence (22% in D1 resection and
12% in D2 resection) and gastric-cancer-related death [83]. They advocate a spleen
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preserving D2 procedure as a safer alternative. Later studies showed however that
D2 resections can be performed safely in the West. They showed low overall
morbidity and mortality rates (3.0% after D1 and 2.2% after D2 gastrectomy, P=0.722)
[84]. The additional value of D3 dissection (dissection of hepatoduodenal ligament,
superior mesenteric vein and retro-pancreatic area) is disputed. A prospective trial
in Taiwan showed a slight 5-year survival benefit for D3 resections (59.5% compared
to 53.6% in D1 gastrectomy patients, P=0.041) [80]. Para-aortic nodal dissection
was shown to be performed safely in addition to D2 dissection but failed to show
a 5-year benefit [85, 86].
Another strategy for attempting to improve oncological outcome of gastric cancer
surgery was to perform a bursectomy in addition to resection and
lymphadenectomy for advanced stage gastric cancer. Several studies did not show
a benefit in the bursectomy group [87, 88]. However, proponents of this technique
argue that it may improve survival and should not be discarded as a futile technique
[89]. A phase III trial that will also evaluate the effectiveness of this procedure is
currently ongoing in Japan (see: http://www.jcog.jp/en/trials/index.html). 

Reconstruction technique

Roux-en-Y is the accepted standard technique for reconstructing bowel continuity
after total gastrectomy. Billroth I and II reconstruction after distal gastrectomy
have been the standard for a long time but are associated with increased rates of
reflux symptoms and esophagitis [90]. Roux-en-Y reconstruction as an alternative
after distal gastrectomy has been thoroughly investigated. Studies have shown
beneficial outcomes in terms of less reflux symptoms and less gastric remnant
gastritis [91, 92]. These findings persist in long-term follow-up [93]. However
patients did not differ in terms of quality of life [94]. Morbidity and mortality were
similar between the Billroth I and Roux-en-Y technique, but the latter was
associated with longer length-of-stay and discontinuance of food intake [95]. 

Intra-operative feeding-jejunostomy placement

Routine intra-operative placement of a feeding jejunostomy can potentially
decrease malnutrition and improve tolerance of adjuvant chemotherapy [96]. A
study with data from a prospectively maintained database including 132 patients
showed no advantage of jejunostomy placement and increased complications
associated with jejunostomy placement [97]. In a series of 73 patients who
received jejunostomy placement, it was shown that 21 patients had jejunostomy
specific complications (11 minor and 10 major) [98]. Therefore, routine jejunostomy
placement is not recommended and should be reserved for selected patients.
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Advances in postoperative care: detection and treatment of anastomotic
leakage

Anastomotic failure or leakage is an important complication of gastric surgery with
potentially detrimental consequences. Risk factors for anastomotic leakage have
been identified in several studies. These include: older age (>65 years), longer
operating time, intra-operative errors, increased blood loss and co-morbidities [99-
101]. 
When leakage or associated intra-abdominal abscess is suspected clinically by
positive peritoneal signs, fever and/or wound infection, further investigation using
computed tomography should be prompted. If detected and leakage is minor it
can be successfully managed with percutaneous drainage [102, 103]. Some authors
advocate the use of conservative management techniques for treating
anastomotic leakage such as placement of a naso-jejunal tube combined with
percutaneous drainage of an abscess [104]. In this study this approach was
associated with lower mortality rates compared to operative intervention.
Therefore, reoperation is only required when conservative treatment is ineffective.
When reoperation is carried out the anastomosis can be evaluated reconstruction
can be carried out [105]. 
The endoscopic approach also offers a chance to assess the anastomosis site and
endoscopic treatment options for leakage are available. Recent literature describes
endoscopic approaches for the management of anastomotic leakage and different
techniques can be applied [106]. The authors concluded that defects smaller than
2cm in size could be successfully managed using endoscopy. Techniques include
use of fibrosealant or Histoacryl and also stent insertion. Multiple studies report
use of removable covered metal stents to treat anastomotic leaks with relatively
good results [107, 108]. The main advantage of this approach is that it enables
evaluation of the anastomosis without the need for invasive surgery. However,
this technique requires a well trained and well equipped endoscopy department.

Advances in organization of care: centralization and audits

In Western countries the incidence of gastric cancer is relatively low. Annual
hospital volume can therefore be low in institutions in non-centralized regions.
Centralization offers a chance to increase volumes in selected centers. Increased
hospital volume leads to better treatment results in gastric cancer surgery [109].
More recent studies support this idea and show that increased volumes are
associated with lower short-term mortality and improved survival [110, 111]. Other
literature suggests that hospital volume is not a determinant for disease-free
survival or overall survival in gastric cancer surgery survivors (i.e. perioperative
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mortality excluded) [112]. Although the optimal number of procedures is not clearly
defined in literature expert panel based recommendations state that an annual
volume of more than 15 for an institution and more than 6 for the individual
surgeon are appropriate [51]. They also state that the necessity of these volumes
is undetermined. 

In several countries, clinical auditing has been initiated in various fields of surgery.
It is considered an important tool for quality assessment and the identification of
factors needing improvement. Furthermore, clinical audits provide a unique
dataset for research as well. For gastric cancer surgery, a nationwide audit has
been initiated in the Netherlands, the Dutch Upper GI Cancer Audit (DUCA) (see
also: http://duca.clinicalaudit.nl/). The DUCA has become a performance index for
gastric cancer surgeons as it was also adopted as a quality indicator for the health
care inspectorate. It is expected that postoperative mortality and anastomotic
leakage rates will decrease but few reports have been published in the Netherlands
so far. From 2011 to 2012 30-day mortality decreased from 8.8% to 6.7% (see: http://
www.clinicalaudit.nl/ jaarrapportage/ #dica_rapportages_duca). Whether these
improvements are directly related to the introduction of the audit has to be
determined. At least, it can be stated that the DUCA has effectuated increased
awareness of and insight in aspects of improvement.
Clinical audits have revealed several interesting findings with respect to
postoperative complications. Hospitals with higher mortality rates had only slightly
higher incidences of postoperative complications. However,  in high volume
centers these patients with a serious complication had a lesser chance of dying
than in high-mortality centers. This phenomenon is addressed as failure to rescue
and was not only described for gastrectomy but also for other gastro-intestinal
operations [113]. Data from the American College of Surgeons National Surgical
Quality Improvement Program showed that although complication incidences did
not vary between hospitals, mortality rates significantly varied, indicating that
timely recognition and treatment of complications deserves greater attention
[114]. Future research should aim at identifying and improving the fundamental
aspects causing failure to rescue.
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Conclusion

Surgical risk assessment is complex and difficult. In preoperative assessment of
gastric cancer patients age should not be a criterion on which treatment decisions
are made. Rather, presence of comorbidities, nutritional status and geriatric frailty
should be assessed and taken into account. Future studies should further
determine the role geriatric frailty and nutritional status assessment has in the
preoperative evaluation of gastric cancer surgery patients, especially in Western
counties, as these patients are more often at an advanced age.
Improving postoperative recovery by using fast-track and ERAS protocols has
yielded improved results. The timing of oral intake is still at debate, but early oral
feeding (postoperative day 1 -3) seems to be feasible and safe. Further studies have
to verify this and investigate its effect on morbidity, length-of-stay and quality of
life/patient satisfaction. Also optimal fast-track/ERAS programs have to be
developed to further improve outcome and quality of care for these patients. 
Introduction of laparoscopic surgery has improved short-term postoperative
outcome for gastric cancer patients. Oncological safety remains an area of debate,
but available literature suggest that oncological safety is not compromised. 
In conclusion, although advances have been made in pre-, intra- and postoperative
stage of gastric cancer surgery to improve the outcome of these patients, there
still remain many areas for improvement and future research. 
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Abstract

Objectives 

This study seeks to evaluate assessment of geriatric frailty and nutritional status
in predicting postoperative mortality in gastric cancer surgery.

Methods 

Preoperatively, patients operated for gastric adenocarcinoma underwent
assessment of Groningen Frailty Indicator (GFI) and Short Nutritional Assessment
Questionnaire (SNAQ). We studied retrospectively whether these scores were
associated with in-hospital mortality.

Results 

From 2005 to September 2012 180 patients underwent surgery with an overall
mortality of 8.3%. Patients with a GFI≥3 (n=30, 24 %) had a mortality rate of 23.3%
versus 5.2% in the lower GFI group (OR 4.0, 95% CI 1.1 to 14.1, P=0.03). For patients
who underwent surgery with curative intent (n=125), this was 27.3 % for patients
with GFI≥3 (n=22, 18%) versus 5.7% with GFI<3 (OR 4.6, 95% CI 1.0 to 20.9, P=0.05).
SNAQ≥1 (n=98, 61%) was associated with a mortality rate of 13.3% versus 3.2% in
patients with SNAQ=0 (OR 5.1, 95% CI 1.1 to 23.8, P=0.04). Given odds ratios are
corrected in multivariate analysis for age, neoadjuvant chemotherapy, type of
surgery, tumor stage and ASA classification.

Conclusions 

This study shows a significant relationship between gastric cancer surgical
mortality and geriatric frailty as well as nutritional status using a simple
questionnaire. This may have implications in preoperative decision making in
selecting patients who optimally benefit from surgery.
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Introduction

Although the incidence has been declining in the past decennia, gastric carcinoma
remains responsible for a significant part of cancer related mortality worldwide,
with an estimated 738,000 deaths (9.7% of total) in 2008 [1]. Mainstay of gastric
carcinoma treatment is surgical resection and this is the only treatment that can
offer cure or long-term survival [2]. Gastric cancer surgery is associated with
relatively high rates of reported postoperative morbidity and mortality ranging
between 29-33% and 4-16%, respectively, in several studies [3-5]. Age, comorbidity
and disease stage are known factors that influence postoperative outcome of
surgery [6]. Characteristics of the treating hospital, i.e. case volume and individual
surgeon expertise, have also been shown to be factors that affect short-term
postoperative as well as long-term outcomes [6-12]. 
Although it seems a platitude to say that a patient’s chronological age may not
correspond to a patient’s biological age, doctors are inclined to use this number
to make treatment decisions. Recent studies have shown that geriatric frailty
might be a better predictor than age for predicting postoperative outcome in the
elderly [13, 14]. However, no literature is available that has evaluated the
relationship between frailty and postoperative outcome in gastric cancer surgery.
The Groningen Frailty Indicator (GFI) is a short, 15-item questionnaire filled out by
nursing staff at hospital admission that was selected by our geriatrics department’s
physicians to evaluate frailty in elderly patients. The GFI has been associated with
delirium risk in vascular surgery patients  and with worse outcome after
chemotherapy for breast cancer and colorectal cancer [15-17].  
Nutritional status is another important aspect in patients with upper
gastrointestinal tract malignancies as their intake is often compromised by
mechanical obstruction. In the Netherlands all patients admitted to a hospital are
routinely screened for malnutrition using tools such as the Short Nutritional
Assessment Questionnaire (SNAQ) [18]. In the case of an aberrant SNAQ score
intervention by a dietitian follows. Several studies have shown the value of
nutritional evaluation by SNAQ in surgical patients however not specifically for
gastric cancer surgery [19, 20].
The aim of our study was to investigate if preoperative assessment of geriatric
frailty using the Groningen Frailty Indicator (GFI) and nutritional status using SNAQ
could be a helpful tool in the preoperative risk assessment of gastric cancer
patients [18, 21]. 
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Methods

Study population

All patients with histologically proven gastric adenocarcinoma who underwent
surgical treatment in our hospital between January 2005 and September 2012 were
identified. Clinical outcome results of patients treated from 1994 to 2005 have been
published in the past [22]. The Orbis Medical Center is a community teaching
hospital that was assigned as the regional referral center for surgical treatment of
gastric malignancies in 2009. 

Predictor and outcome variables

The primary outcome for this study was in-hospital mortality. Secondary outcome
measurements were: serious adverse events (i.e. complications at Clavien-Dindo
grade ≥3a), length of stay and 6-month mortality. All necessary data were obtained
retrospectively through the hospital’s fully digitalized patient information system. 
Nature of preoperative comorbidities was registered and severity classified
according to the ASA classification [23]. Complications were classified using the
Clavien-Dindo classification of surgical complications [24, 25]. By consulting the
municipal administration database using the patients’ Social Security Number we
collected data on 6-month survival.

Frailty and nutritional status

Frailty was assessed using the Groningen Frailty Indicator (GFI) [21] and nutritional
status was obtained using the Short Nutritional Assessment Questionnaire (SNAQ)
[20]. Questionnaire items are provided in Table 1 and 2. Both GFI and SNAQ
assessments were performed preoperatively at admission by nursing staff as part
of the standard intake and entered into the digital nursing charts. GFI encompasses
aspects of mobility, self perceived physical fitness, problems due to impaired vision
and/or hearing, nourishment (i.e. weight loss), morbidity (i.e. multipharmacy),
cognition and psychosocial aspects (see also Table 1). The GFI questionnaire
consists of 15 items that are scored 0 or 1 point. SNAQ consists of three items
regarding unintentional weight loss, loss of appetite and use of nutritional
supplements (see Table 2) [18, 20]. Only cases with all items completed were used
in analysis.

Statistical analysis

Statistical analysis was performed using SPSS 20 (IBM Corp. Armonk, NY).
Independent samples t-test was used to perform analyses on continuous variables
and Fisher’s Exact test, to assess categorical data. Patients who died in-hospital
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postoperatively were excluded in length of stay analysis. Binary logistic backward
regression was used to perform multivariate analysis. Factors that were used for
multivariate analysis were: GFI score, SNAQ score, patient age, ASA classification,
neoadjuvant chemotherapy, disease stage and type of surgery. Statistical
significance was stated as P < 0.05. Means and standard deviation will be reported
as mean ±SD.
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 Table 1. Groningen Frailty Indicator questionnaire and scoring results 
Question Percentage 

scoring 1 point 
Percentage scoring 1 
point in: 

P-value 

 Patients with 
complete GFI 
(n=127) 

In-hospital 
mortality 
group (n=12) 

Alive 
patients 
(n=115) 

 

Mobility 
Are you able to perform this task 
without help 

    

1. Shopping (no=1point) 21.3% 58.3% 17.4% 0.004 
2. Walking around the house 
(no=1point) 

7.1% 16.7% 6.1% 0.20 

3. Dress and undress (no=1point) 7.1% 0% 7.8% 0.60 
4. Using the toilet (no=1point) 1.6% 0% 1.7% 1.00 
Physical Fitness     
5. Mark your physical fitness (0 to 
10) 
(0-6=1 point, 7-10=0 points) 

51.2% 50.0% 51.3% 1.00 

Vision and hearing     
6. Problems due to poor vision 
(yes=1 point) 

4.7% 33.3% 1.7% 0.001 

7. Problems due to hard hearing 
(yes=1 point) 

9.4% 25.0% 7.8% 0.09 

Nourishment     
8. Unintended weight loss past six 
months? (yes=1 point) 

37.8% 66.7% 34.8% 0.06 

Morbidity     
9. Use of =4 prescription 
medications (yes=1 point) 

49.6% 58.3% 48.7% 0.56 

Cognition     
10. Memory complaints or dementia 
(yes=1 point) 

11.0% 25.0% 9.6% 0.13 

Psychosocial     
Do you sometimes:     
11. Experience emptiness (yes=1 
point) 

8.7% 25.0% 7.0% 0.07 

12. Miss people around you (yes=1 
point) 

10.2% 16.7% 9.6% 0.35 

13. Feel abandoned (yes=1 point) 2.4% 0% 2.6% 1.00 
14. Feel sad or downhearted (yes=1 
point) 

13.4% 16.7% 13.0% 0.66 

15. Feel nervous or anxious (yes=1 
point) 

18.1% 16.7% 18.3% 1.00 



Results

Baseline characteristics

A total of 180 patients underwent surgery for histologically proven gastric
carcinoma in the study period of which 125 were operated with curative intent (for
characteristics see Table 3). In total 147 (81.7%) patients underwent surgical
resection. Seventy-six patients (42.2%) received neoadjuvant chemotherapy. Forty
of those patients (52.6%) were enrolled in the national multicenter CRITICS trial
[26]. Overall in-hospital mortality was 8.3% (n=15) for the entire study population.
Table 4 lists the parameters that showed to be significantly different between
deceased and non-deceased patients. 
For patients with a complete GFI assessment in-hospital mortality was 9.4% (12 out
of 127) versus 5.7% in remaining patients (P=0.56). There was also no significant
difference in ASA classification, disease stage and neoadjuvant chemotherapy
between patients who did and did not have a complete GFI. Mean age differed
significantly of patients with and without (n=53, 29.4%) a complete GFI (72.2, range
37 to 83, and 63.8, range 40 to 88, respectively, P<0.001). In patients under 70
years of age (n=75) 48% had a complete GFI compared to 86.7% in patients over 70
years. 

GFI and SNAQ score analysis

Tables 1 and 2 show the GFI and SNAQ scoring results as well as the differences
between deceased and non-deceased patients. These results demonstrate that
the inability to do independent shopping as well as reporting vision impairment
related significantly to surgical mortality. In SNAQ score assessment none of the
questions were answered significantly different between deceased and non-
deceased patients. In addition, no statistical difference was found in responses on
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Table 2. Short Nutritional Assessment Questionnaire and scoring results 
Question Percentage 

answered 
(n=160) 

Percentage in in-
hospital mortality 
(n=15) vs. alive 
patients (n=145) 

P-value  

Did you lose weight unintentionally?     
- No (0 points) 51.2% 33.3% / 53.1% 0.18 
- More than 3kg in the last month (2 points) 15.6% 20.0% / 15.2% 0.71 
- More than 6kg in the last 6 months (3 
points) 

33.1% 46.7% / 31.7% 0.26 

Did you, in the last month:    
- Experience a decreased appetite? 41.9%* 60.0% / 40.0%* 0.17 
- Use supplemental drinks or tube feeding? 36.9%* 60.0% / 34.5%* 0.09 
* Percentage that answered yes (1 point) 
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Table 3. Patient characteristics of study population 
 Total (n=180) Curative intent (n=125) 
Sex   

- Male 
- Female 

 
106 (58.9%) 
74 (41.1%) 

 
71 (56.8%) 
54 (43.2%) 

Mean age at time of surgery (range) 69.8 (37 � 88) 69.7 (40 � 88) 
Mean BMI 24.7 –4.2 24.8 –4.1 
ASA classification 

- ASA I 
- ASA II 
- ASA III 
- ASA IV 
- ASA V 

 
20 (11.1%) 
95 (52.8%) 
58 (32.2%) 
6 (3.3%) 
1 (0.6%)* 

 
17 (13.6%) 
67 (53.6%) 
38 (30.4%) 
3 (2.4%) 
0 (0.0%) 

Complete GFI score available 127 (70.6%) 92 (73.6%) 
Complete SNAQ score available 160 (88.9%) 112 (89.6%) 
Surgical procedure 

- Total gastrectomy 
- Subtotal gastrectomy 
- Gastroenterostomy 
- Explorative laparotomy 

 
43 (23.9%) 
104 (57.8%) 
17 (9.4%) 
16 (8.9%) 

 
39 (31.2%) 
86 (68.8%) 
0 (0.0%) 
0 (0.0%) 

Lymphadenectomy 
- D1 
- D1+ 
- D2 
- None/incomplete 

 
75 (41.7%) 
32 (17.8%) 
37 (20.5%) 
36 (20.0%) 

 
63 (50.4%) 
27 (21.6%) 
35 (28.0%) 
0 (0.0%) 

Surgical intent 
- Curative 
- Palliative 

 
125 (69.4%) 
55 (30.6%) 

 
125 (100%) 

Tumor stage 
- 0 
- Ia 
- Ib 
- II 
- IIIa 
- IIIb 
- IV 
- Not reported 

 
6 (3.3%) 
14 (7.8%) 
28 (15.6%) 
27 (15.0%) 
27 (15.0%) 
20 (11.1%) 
57 (31.7%) 
1 (0.5%) 

 
6 (4.8%) 
14 (11.2%) 
28 (22.4%) 
27 (21.6%) 
23 (18.4%) 
15 (12.0%)  
12 (9.6%) 
0 (0.0%) 

Resection margins 
- R0 
- R1 
- R2 
- Not applicable 

 
127 (70.6%) 
11 (6.1%) 
9 (5.0%) 
33 (18.3%) 

 
117 (93.6%) 
8 (6.4%) 
0 (0.0%) 
0 (0.0%) 

Neoadjuvant chemotherapy 76 (42.2%) 57 (45.6%) 
Complications 

- No complication 
- Minor complications (grade I and II) 
- Major complications (grade IIIa-IVb) 

 
80 (44.5%) 
50 (27.8%) 
35 (19.4%) 

 
52 (41.6%) 
36 (28.8%) 
26 (20.8%) 

30-day mortality N (%) 15 (8.3%) 11 (8.8%) 
* One patient classified as ASA V was already in preoperative workup and was admitted in a 
septic state and was found to have irresectable gastric cancer with accompanying bowel 
ischemia due to tumor invasion in the mesenteric root. 
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Figure 1. In-hospital mortality rates for each individual GFI score

Table 4. Significantly differing patient characteristics between 
patients who were alive and who were deceased at 30-day 
postoperatively 
 In-hospital 

mortality 
Alive 
postoperatively 

P-value 

Total population (n=180) n=15 (8.3%) n=165 (91.7%)  
ASA classification 

- ASA I and II 
- ASA III to V 

 
5 (33%) 
10 (67%) 

 
110 (67%) 
55 (33%) 

 
0.02 

Mean GFI (n=127)* 4.0 –1.8 (n=12) 2.2 –1.9 (n=115) 0.002 
Neoadjuvant chemotherapy 2 (13%) 74 (44.8%) 0.03 
    
Curative intent surgery (n=125) n=11 (8.8%) n=114 (91.2%)  
ASA classification 

- ASA I and II 
- ASA III to V 

 
4 (36%) 
7 (64%) 

 
80 (70%) 
34 (30%) 

 
0.04 

Mean GFI (n=92) 4.1 –1.9 2.1 –1.8 0.01 
Neoadjuvant chemotherapy 1 (9%) 56 (49%) 0.01 
* Only data from fully completed GFI�s was analyzed (n=127) 

 



SNAQ between patients who received neoadjuvant chemotherapy and those who
did not. In patients who received neoadjuvant treatment (n=76, 46.3%) 44.6% had
no points on their SNAQ versus 33.7% in patients who did (n=86, 53.7%), P-
value=0.19.

Univariate analysis

Mean GFI score for the 12 patients who died postoperatively was 4.0 ±1.8 versus
2.2 ±1.9 for patients who survived (P=0.002). Mortality accumulated with increasing
GFI scores and this non-parametric relationship was significant (see Figure 1,
P=0.004). Optimal discriminative power of the GFI score was reached when a
cutoff was chosen at GFI≥3 which resulted in a mortality rate in the lower scoring
group (n=97) of 5.2% versus 23.3% in the higher scoring group (n=30) at P=0.007.
For patients with a complete SNAQ score (n=160) in-hospital mortality was the
same as for the patients with a complete GFI i.e. 9.4%. For SNAQ, optimal
discriminative power was achieved at SNAQ≥1. At SNAQ≥1 the lower score group
(n=62, 38.7%) had a mortality rate of 3.2% versus 13.3% in the higher group (n=98,
61.3%) at P=0.05. 
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Table 5. Multivariate regression analysis of GFI=3 AND 
SNAQ=1 for predicting in-hospital mortality 
Predictor variable OR 95% CI P-value 
Neoadjuvant 
chemotherapy 

0.97 0.14 to 6.51 0.97 

ASA (I-II vs. III-V) 1.23 0.32 to 4.84 0.65 
Resection vs. no resection 0.35 0.04 to 3.20 0.35 
Stage I-II vs. stage IIIa-IV 0.47 0.11 to 2.05 0.32 
Age 1.11 1.00 to 1.24 0.06 
GFI=3 3.964 1.12 to 14.09 0.03 
SNAQ=1 5.071 1.08 to 23.81 0.04 
GFI=3* 4.635 1.03 to 20.94 0.05 
SNAQ=1* 4.685 0.82 to 26.64 0.08 
* Analysis restricted to patients operated with curative intent (n=125) 

 

Table 6. Results of univariate analysis on secondary outcome 
measurements  
 Lower group Higher group P-value 
GFI <3 (n=97) =3 (n=30)  
Serious adverse events (n=36, 28%)* 22% 50% 0.005 
Six-month mortality (n=33, 26%) 23% 37% 0.15 
Length-of-stay (mean –SD) 14.3 days –12 18.7 days –12 0.13 
    
SNAQ 0 (n=62) =1 (n=98)  
Serious adverse events (n=45, 28.7%)* 17.7% 35.7% 0.02 
Six-month mortality (n=40, 25%) 9.7% 34.7% <0.001 
Length of stay (mean –SD) 11.6 days –7 18.0 days –14 0.001 
* Serious adverse events are defined here as complication of Clavien-Dindo grade =IIIa 

 



Multivariate analysis

Multivariate analysis showed a statistically significant association between
increasing GFI and in-hospital mortality, OR 1.352 (95% CI 1.009 to 1.813, P=0.04)
independent of age, ASA-classification, neoadjuvant chemotherapy, type of
surgery and tumor stage. Further, GFI≥3 was statistically significant at OR 3.96 (95%
CI 1.12 to 14.09, P=0.03) for predicting in-hospital mortality (Table 5) using binary
logistic regression which was also corrected for the parameters as listed above.
Age was no predictor of mortality, OR 1.11 (95% CI 1.00 to 1.24, P=0.06).  We
performed separate analyses to evaluate 
the predictive value in patients who underwent surgery with curative intent
(n=125). This yields similar results in multivariate analysis as presented in Table 5
with OR 4.64 for in-hospital mortality at GFI≥3 (95% CI 1.03 to 20.94, P-value 0.05).
A SNAQ≥1 score was independently associated with in-hospital mortality in
multivariate analysis at OR 5.1 (95% CI 1.01 to 23.8, P=0.04).

Secondary outcome parameters

To further assess the predictive qualities of GFI an SNAQ, we also explored the
relationship with serious adverse events, length-of-stay and 6-month mortality.
Table 6 shows that GFI ≥3 was associated with increased risk of serious adverse
events (Clavien-Dindo grade ≥3a) at 21.6% in the lower group versus 50% in the
higher group (see also Table 6). This was independent of age, type of surgery,
tumor stage, ASA classification and neoadjuvant chemotherapy in multivariate
analysis (OR 3.62 95% CI 1.53 to 8.58, P=0.04). GFI≥3 was not associated with either
increased six-month mortality or increased length-of-stay (see Table 6). Contrary
to GFI, SNAQ ≥1 is not only significantly associated with in-hospital mortality and
serious adverse events but also with six-month mortality and increased length of
stay (see Table 6). 

Chapter 3.

54



Discussion

Identifying patients with an elevated risk for postoperative mortality is important
in gastric cancer surgery because it can influence preoperative decision making.
This retrospective study is the first to show geriatric frailty assessment by GFI as
well as nutritional status assessment by SNAQ to predict increased risk of in-
hospital mortality and complications in patients who undergo surgery for gastric
cancer. As multivariate analysis shows, GFI and SNAQ score may have better
predictive power to identify patients at risk compared to classical parameters such
as age and ASA classification. GFI and SNAQ also were significantly related to
complication-rate and six month mortality, underlining their importance in gastric
cancer clinical outcome. These data suggest that frailty may be an important
parameter in elderly oncological patients who need to undergo major surgical
interventions. It also stresses the importance of nutrition in surgery of the upper
GI tract and subsequently the need to correct malnutrition pre- and
postoperatively.
The first limitation of this study was that this was a retrospective study by design
which resulted in incomplete GFI and SNAQ questionnaires. Also the rate of
completion of the GFI questionnaire was lower in patients under 70 years of age.
The nursing staff was more likely to skip geriatric frailty assessment at admission
in younger patients. Further, the number of primary outcome events (n=15) limits
statistical analysis which permits logistic regression correction for only one other
variable. We did perform the analysis with only two variables entered into logistic
regression analysis and this did not affect the results. A further weakness may be
that we set cutoffs for GFI and SNAQ score at an optimal discriminative power.
This should be confirmed in a larger, independent patient group. Importantly, GFI
as a continuous variable showed a significant relationship with the primary
outcome events in multivariate analyses. Also, GFI and SNAQ score have never
been used to predict surgical outcomes previously. 
In recent years frailty has been shown to predict outcomes in surgical patients [13,
14, 27, 28]. Dasgupta et al. used the Edmonton Frail Scale and showed a relationship
between frailty and increased risk of complications and increased length of
hospitalization [13]. Later Robinson et al. performed a study on elderly patients
who underwent major elective surgery that required standard ICU admission
postoperatively [14]. They were able to show the predictive value of geriatric
assessment makers for frailty (e.g. age, cognitive function, poor nutritional status,
falls, depressed mood and anemia) in predicting 6-month postoperative mortality
[14]. Other authors showed that frailty is also a predictor for postoperative
mortality, surgical complications, increased length of stay and increased six-month
healthcare costs [27-29]. The methods for assessing frailty were diverse in these
studies and included: questionnaires, history taking, blood tests (e.g. hemoglobin
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and albumin measurements), grip strength measurement and timed get-up-and-
go tests. 
Due to the retrospective study design GFI was the only recorded available
parameter to assess frailty in our patient population. GFI encompasses multiple
aspects of frailty contrary to questionnaires/tests that only address single aspects
such as diminished ADL functioning or comorbidities (e.g. Lawton IADL, Charlson
Comorbidity Index). Compared to other tools such as PRISMA-7, which is also a
short questionnaire, GFI is more comprehensive, i.e. encompasses more aspects
of frailty. In a recent study GFI was evaluated along with Fried’s frailty and PRISMA-
7 of which the latter showed to be more robust in identifying frail older adults [30].
There are no established instruments to evaluate frailty in specific surgical patient
populations. Maybe better, more specific instruments exist compared to GFI
however our results show that frailty assessment by GFI is of clinical value. The
data suggest that frailty aspects form an important element of preoperative risk
assessment in gastric cancer patients. 
Another important advantage of GFI and SNAQ questionnaires over other
assessment tools (i.e. Edmonton Frail Scale, Short Physical Performance Battery
Tests)  is that these require no further invasive or physical tests.  
SNAQ was evaluated for preoperative detection of malnutrition in 979 surgical
patients undergoing various procedures and showed acceptable diagnostic
accuracy [20]. Further, SNAQ is associated with prolonged length-of-stay in cardiac
surgery patients [19]. As mentioned, SNAQ is used nationwide in the Netherlands
to screen hospitalized patients for malnutrition and was recorded in our study’s
patient’s chart and available for our retrospective study. 
In conclusion, our study demonstrates that geriatric frailty and nutritional status
assessment using a simple questionnaire, i.e. GFI and SNAQ, may be useful tools
to improve preoperative assessment and may aid clinical decision making in the
future. The better predictive value of frailty over age confirms that age is a non-
sensitive and non-specific measure for use in clinical decision making. It indicates
the need for a more individual approach in preoperative risk assessment. 
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Abstract

Objectives

Aim of this study was to assess the prevalence of sarcopenia and body composition
(i.e., subcutaneous and visceral fat) in gastric cancer surgical patients and its
association with adverse postoperative outcome. 

Methods

Preoperative CT-scans were obtained from all patients who underwent surgery for
gastric adenocarcinoma between January 2005 and September 2012. Total muscle
and adipose tissue cross-sectional area were measured at the level of the third
lumbar vertebra (L3) transverse processes. Sarcopenia was defined according to
gender and Body Mass Index (BMI) specific cutoff points. Primary outcome was
in-hospital mortality. Secondary outcomes were severe postoperative
complications (i.e. Clavien-Dindo classification ≥3a complications) and six-month
mortality. 

Results

In 152 out of a total of 180 (84.4%) patients a CT-scan was available for analysis. In
total, 86 (57.7%) of the patients were classified as sarcopenic. Sarcopenia was no
predictor for in-hospital mortality (p=0.52), severe complications (p=1.00) or six-
month mortality (p=0.69). Intraabdominal and subcutaneous adipose tissue
measurements were not associated with in-hospital mortality, severe
complications or six-month mortality.

Conclusions

In this population of gastric cancer surgical patients the prevalence of sarcopenia
was 57.7%, which is high compared to other abdominal surgical oncology
populations. However, sarcopenia was not associated with postoperative
morbidity or mortality. 
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Introduction

The incidence of cancer is rising, as well as the average age of the patients. Data
from the Dutch Upper GI Cancer Audit (DUCA) show that 35% and 29% of the
patients undergoing surgery for gastric cancer in the Netherlands in 2013 were
over 75 and 80 years of age respectively (http://www.clinicalaudit.nl/
jaarrapportage/2013/). Gastric cancer surgery is associated with relatively high
postoperative morbidity and mortality. Elderly patients are at an increased risk for
impaired postoperative recovery [1]. Therefore, developing tools to identify
patients with an increased operative risk is of great importance. Ideally, such a tool
represents the patient's physiological reserves, which hypothetically should better
predict postoperative outcome than traditional risk factors (e.g., age, ASA
classification, comorbidities). 
Biological age rather than chronological age and so-called analytic morphomics
increasingly gained interest in the last years [2, 3]. A main determinant of biological
age is frailty, a state of increased vulnerability towards stressors in older
individuals, leading to an increased risk of developing adverse health outcomes
[4]. As shown recently, frailty is an independent predictor of mortality after gastric
cancer surgery [5].
Recent studies postulated an association between low skeletal muscle mass, which
is closely related to sarcopenia syndrome, and both short and long term outcomes
in patients undergoing surgery for gastrointestinal malignancies [6-8]. Moreover,
the amount of visceral fat has been identified as a predictor for postoperative
course after colorectal surgery [9]. The relationship between body composition
and postoperative outcome in gastric cancer populations has not yet been
investigated.
Therefore, the aim of the present study was to assess sarcopenia and body
composition in gastric cancer surgical patients and to investigate its association
with adverse postoperative outcome.
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Methods

Patients

All patients who underwent surgery for gastric adenocarcinoma in Orbis Medical
Centre (tertiary referral centre for gastric cancer surgery since 2009) from January
2005 to September 2012 were included this study. Patient characteristics (e.g. age,
sex and BMI), tumour characteristics (e.g., type and stage), surgical parameters
(e.g., estimated blood loss and resection margins) and preoperative treatment
(e.g., neoadjuvant chemotherapy) were retrospectively collected from the
electronic health record system [10]. Preoperative comorbidities were classified
according to the American Society of Anesthesiologists (ASA) classification [11]. 

Imaging studies

Patients underwent contrast-enhanced abdominal computed tomography (CT) as
part of routine preoperative work-up. Although all perioperative CT-studies (i.e.,
closest to time of surgery) were collected only preoperative CT-studies were used
in the primary analysis. For patients who had been referred from other centres
attempts were made to obtain these imaging studies. For patients who received
neoadjuvant chemotherapy CT-imaging before and after neoadjuvant treatment
were obtained if possible. 

Assessment of skeletal muscle- and adipose tissue surface

Imaging studies were analyzed using OsiriX5.5.2 open-source software.
Measurements of the surface area were performed on transverse slides at the
caudal level of third lumbar vertebra (L3) where both transverse processes were
visible. Two consecutive slides were analyzed and averaged. Measurements were
executed in a semi-automated fashion by setting the tissue of interest threshold
at -30 to +110 Hounsfield Units (HU) for skeletal muscle and -190 to -30 HU for
adipose tissue [12]. Automatically generated tissue of interest outlines were
corrected manually when needed. Total cross-sectional area was calculated
automatically and presented in square centimetres. Two medically trained
investigators (JJWT, JLAVV) independently carried out the image analysis and were
blinded for each other's measurements as well as patient outcome. In cases of
disagreement a third investigator (KWR) repeated the measurements. Cross-
sectional muscle area measurements were corrected for patient height resulting
in L3 muscle index (cm2/m2). 
Sarcopenia was defined based on internationally accepted BMI and sexe specific
cutoff values: 43 cm2/m2  for males with BMI<25.0 cm2/m2 and 53 cm2/m2 for
males with BMI ≥25.0, in females threshold for sarcopenia was 41 cm2/m2 [13]. The
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European Working Group on Sarcopenia in Older People (EWGSOP) requires low
gait speed or low grip strength in addition to low muscle mass for finding
sarcopenia in older individuals [14]. Strictly speaking low muscle mass will be
measured rather than sarcopenia, but henceforth we shall call this sarcopenia since
similar studies have used the same technique and nomenclature [6, 15-18]. The
cutoff value for visceral fat area was set at 163.8 cm2 for males and 80.1 cm2 for
females [19]. For subcutaneous fat no internationally accepted cutoff values have
been defined yet.

Outcome variables

The primary outcome measure was in-hospital mortality. Data regarding length of
hospital stay as well as the nature and severity of complications were also
collected. Severity of the complications was classified according to the Clavien-
Dindo classification and severe postoperative complications were defined as
Clavien-Dindo ≥3a [20, 21]. Six-month mortality was identified by accessing the
municipal administration database using the patients' Social Security number six
months after surgery. 

Statistical analysis 

Frequencies are presented as absolute numbers and percentages. Continuous data
are presented as mean with standard deviation (± SD). Normality of data was
tested using the Kolmogorov-Smirnov test. Differences between groups were
analyzed using the Pearson Chi-square test for dichotomous variables and Student
t-test or Mann-Whitney U test for continuous variables, depending on normality.
Two-tailed p-values <0.05 were considered statistically significant. Statistical
analyses were performed using SPSS Statistics 20 (IBM Corp., Chicago, IL,USA).
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Table 1. Patient characteristics of study population  
 Total (n=180) Preoperative 

Computed 
Tomography available 
(n=152, 84.4%)* 

Sex   
- Male 
- Female 

 
106 (58.9%) 
74 (41.1%) 

 
87 (57.2%) 
65 (42.8%) 

Mean age at time of surgery (range) 69.8 (37 � 88) 69.6 (37 � 88) 
Mean BMI 24.7 –4.2 24.5 –4.1 
ASA classification 

- ASA I 
- ASA II 
- ASA III 
- ASA IV 
- ASA V 

 
20 (11.1%) 
95 (52.8%) 
58 (32.2%) 
6 (3.3%) 
1 (0.6%)** 

 
18 (11.8%) 
80 (52.6%) 
50 (32.9%) 
4 (2.6%) 
0 (0.0%)** 

Surgical procedure 
- Total gastrectomy 
- Subtotal gastrectomy 
- Gastroenterostomy 
- Explorative laparotomy 

 
43 (23.9%) 
104 (57.8%) 
17 (9.4%) 
16 (8.9%) 

 
40 (26.3%) 
84 (55.3%) 
15 (9.9%) 
13 (8.6%) 

Lymphadenectomy 
- D1 
- D1+ 
- D2 
- None/incomplete 

 
75 (41.7%) 
32 (17.8%) 
37 (20.5%) 
36 (20.0%) 

 
59 (38.8%) 
30 (19.7%) 
34 (22.4%) 
 29 (19.1%) 

Surgical intent 
- Curative 
- Palliative 

 
125 (69.4%) 
55 (30.6%) 

 
106 (69.7%) 
46 (30.3%) 

Tumour stage 
- 0 
- Ia 
- Ib 
- II 
- IIIa 
- IIIb 
- IV 
- Not reported 

 
6 (3.3%) 
14 (7.8%) 
28 (15.6%) 
27 (15.0%) 
27 (15.0%) 
20 (11.1%) 
57 (31.7%) 
1 (0.5%) 

 
4 (2.6%) 
11 (7.2%) 
24 (15.8%) 
25 (16.4%) 
21 (13.8%) 
19 (12.5%) 
47 (30.9%) 
1 (0.7%) 

Resection margins 
- R0 
- R1 
- R2 
- Not applicable 

 
127 (70.6%) 
11 (6.1%) 
9 (5.0%) 
33 (18.3%) 

 
109 (71.7%) 
9 (5.9%) 
10 (6.6%) 
24 (15.8%) 

Neoadjuvant chemotherapy 76 (42.2%) 71 (46.7%) 
Complications 

- No complication 
- Minor complications (grade I and II) 
- Major complications (grade IIIa-IVb) 

 
80 (44.5%) 
50 (27.8%) 
35 (19.4%) 

 
64 (42.1%) 
47 (30.9%) 
30 (19.7%) 

In-hospital mortality N (%) 15 (8.3%) 11 (7.2%) 
** One patient classified as ASA V was already in preoperative workup and was admitted in a 
septic state and was found to have irresectable gastric cancer with accompanying bowel 
ischemia due to tumour invasion in the mesenteric root. 

 



Results

Baseline characteristics

A total of 180 patients underwent surgery in the studied timeframe.  Overall in-
hospital mortality was 8.3% (n=15); all of these patients died within 30 days
postoperatively (i.e., 30-day mortality). A preoperative CT-scan was available in 152
(84.4%) patients; their characteristics are presented in Table 1. No significant
differences were found in baseline characteristics between patients with and
without preoperative CT-scan. A total of 106 (69.7%) patients underwent surgery
with curative intent. A total of 76 patients (42.2%) received neoadjuvant
chemotherapy of whom 40 patients (52.6%) were enrolled in the multicentre
CRITCS trial [22]. 
Characteristics of the preoperative CT-scans are represented in Table 2. The mean
time between CT-imaging and surgery was 40 (±26) days before surgery. In 43
(56.6%) of the patients who received neoadjuvant treatment a second (i.e., pre-
treatment) CT-study was available. A decrease of L3 muscle index was seen in 29
(67.4%) of these patients (mean decrease -4.8 cm2/m2 ±3.0 range -11 to -
0.55cm2/m2) . The remaining 14 (32.6%) patients had an mean increase of 2.5
cm2/m2 ±2.7 range 0.0 to 7.75cm2/m2.

Skeletal muscle mass and postoperative morbidity and mortality

Sarcopenia was present in 57.7% (n=86) of patients 44.7% in men and 75.0% in
women. Patients with advanced stage of disease (i.e., stage IIIa or greater, n=86),
54.7% were sarcopenic versus 61.9% in early stage disease (i.e. stage I or II, n=63).
Out of 152 patients with an available preoperative CT-scan no height was recorded
in three patients. Therefore L3 muscle index could not be calculated for these
patients.
Overall in-hospital mortality in patients with an available preoperative CT-scan was
7.2% (n=11). Six of these patients died due to sepsis and (multi-)organ failure as a
result of an abdominal complication (e.g., intra-abdominal abscess, anastomotic
leakage). Four patients died as a result of cardiopulmonary complications (e.g.,
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Table 2. Results of CT-studies muscle measurements  
(total n=149) 
Mean time between CT-scan and surgery -40 days (–26) 
Mean L3-index (male, n=85) 48.0 (30.6 to 69.0, –7.4) 
Mean L3-index (female, n=64) 47.3 (29.0 to 47.3, –4.4) 
Sarcopenia 

- Male (BMI specific cutoff)* 
- Female (L3-index <41.0 cm2/m2) 

57.7% (n=86) 
44.7% (n=38) 
75.0% (n=48) 

*Defined as <43 cm2/m2 for BMI <25 and <53 cm2/m2 for BMI =25 

 



respiratory insufficiency or congestive heart failure). In one patients the cause of
death remained unknown. 
No statistically significant difference was found for in-hospital mortality between
patients with and without sarcopenia (8.1% (n=7) and 4.8% (n=3) respectively,
p=0.519). In-hospital mortality and the secondary outcome parameters are shown
in Table 3. No significant differences in serious adverse events (i.e. Clavien-Dindo
classification ≥3a), length of hospital stay and six-month mortality were shown in
patients with sarcopenia and non-sarcopenic patients (see Table 3). Moreover, no
differences were found for infectious complications (31.4% vs. 36.5%, p=0.599) or
minor complications (i.e., Clavien-Dindo grade 1 or 2 at 33.7% vs. 28.6%, p=0.772).
When analyses were restricted to patients who underwent resection (n=129)
similar results were found in non-sarcopenic and sarcopenic patients with regards
to in-hospital mortality (5.3% vs. 9.7%, p=0.511), serious 
adverse events (31.6% vs. 26.4%, p=0.560), six-month mortality (12.3% vs. 16.7%,
p=0.619) and hospital stay (16.9 vs. 15.6 days, p=0.571). 
Various separate analyses, restricted to men or women, for abovementioned
outcomes and sarcopenia did not yield any different results. Also, similar result
were obtained when analyses were restricted to patients who underwent
resection with curative intent (n=104) or restricted to palliative intent (n=45).
In patients who received neoadjuvant chemotherapy, no differences were found
for mean change in L3-index with regard to in-hospital mortality, serious adverse
events and six-month mortality.
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Table 4. Analysis of subcutaneous fat area (SFA) in cm2 and outcome 
(total n=152) 
 Mean SFA SD (range) p-value 
In-hospital mortality   0.080 

- Alive (n=141) 
- Deceased (n=11) 

148 
106 

–77 (0 to 435) 
–47 (10 to 184) 

 

Serious adverse events*   0.376 
- Clavien-Dindo grade =2 (n=111) 
- Clavien-Dindo grade =3a (n=41) 

146 
135 

–73 (0 to 435) 
–83 (0 to 340) 

 

Six-month mortality    0.001 
- Alive (n=119) 
- Deceased (n=33) 

155 
108 

–74 (15 to 435) 
–70 (0 to 261) 

 

* Defined as Clavien-Dindo grade =3a 

 

Table 3. Analysis of sarcopenia and outcome measurements (total n=149) 
 Sarcopenic 

(n=86)  
Non-sarcopenic 
(n=63) 

p-
value 

In-hospital mortality (6.7%, n=10) 8.1% (n=7) 4.8% (n=3) 0.519 
Serious adverse events (27.8%, n=44)* 26.7% (n=23) 27.0% (n=17) 1.000 
Length-of-stay (15 days –12) 16 days –14 15 days –9 0.509 
Six-month mortality (21.5%, n=34) 22.1% (n=19) 19.0% (n=12) 0.688 
* Defined as Clavien-Dindo grade =3a 

 



Adipose tissue surface area and postoperative morbidity and mortality

Mean intraabdominal adipose tissue surface area was not significantly different
between patients who deceased in-hospital or within six months postoperatively
compared to patients who survived (p=0.483 and p=0.409 respectively). No
statistically significant differences were found between patients who had a high
visceral fat area and those who did not with respect to in-hospital mortality, serious
adverse events or six-month mortality (p=0.577, p=0.861 and p=0.575 respectively). 
With regard to six-month mortality, the mean subcutaneous fat area was
significantly different between patients who were alive and deceased, 155.5 (±74.3)
cm2 and 108.0 (±70.0) cm2 respectively (p=0.001), see Table 4. No significant
difference in mean  subcutaneous fat was found for in-hospital mortality or serious
adverse events (Table 4). In multivariable analysis using binary logistic regression
when patient age, ASA-classification and tumour stage were also included, tumour
stage was independently associated with six-month mortality (OR 5.9, 95% CI 2.1
to 16.2, p=0.001) but not subcutaneous fat area (OR 0.99, 95%CI 0.99 to 1.00).
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Discussion

This study showed a high prevalence of sarcopenia 57.7% (44.7% in men and 75.0%
in women) in gastric cancer patients undergoing surgery. There is a clear difference
between the prevalence of sarcopenia in this study (i.e. 57.7%) and previously
published studies (16 to 47.7%) [6, 7, 16-18, 23, 24]. However, no association
between sarcopenia and in-hospital mortality, serious adverse events, length of
hospital stay or six-month mortality was found in this study. 
Results from this study are in contrast with previously published studies on
sarcopenia in other distinct surgical oncologic populations. For example,
sarcopenia was associated with both short term (i.e. complications and
perioperative mortality) and long term outcome (i.e., survival) after surgery for
colorectal liver metastases [6, 18]. However, not all published studies unequivocally
show this association between sarcopenia and outcome. For example, one study
showed a significant increase in major complications in women after radical
cystectomy for bladder cancer but not in men [24]. Importantly, a recent study in
patients undergoing surgery for colorectal liver metastases also did not show an
association between sarcopenia and complications, disease free survival or overall
survival [25]. 
Sarcopenia is a complex syndrome with multiple mechanisms contributing to its
development [26]. Several factors that contribute to the development of
sarcopenia are likely to be found in gastric cancer patients. Malnutrition might be
one of the most important contributors. Gastric cancer patients are at high risk for
malnutrition, which is reported as high as 85% [27]. This might be due to dysphagia,
nausea or mechanical obstruction. Adequate protein intake is also essential for
maintaining muscle mass and inadequate intake of protein is another important
cause of sarcopenia [26]. A decline in nutritional intake plays a prominent role in
development of sarcopenia in elderly individuals [28]. In conjunction with
malnutrition, and subsequent decreased protein intake, the risk for sarcopenia in
gastric cancer patients is probably high. Data from this study support this
hypothesis. Decreased activity is also another important cause of sarcopenia. It
remains to be investigated whether tumour related factors also contribute to the
development of sarcopenia in gastric cancer patients. Higher age, low albumin
levels and weight loss, which are all factors that are related to sarcopenia, have
been identified as risk factors for increased morbidity and mortality after
gastrectomy for gastric cancer [29-31]. The  combination of decreased activity,
declined nutritional and protein intake, and higher age probably result in a high
rate of sarcopenia in gastric cancer patients.
The explanation for the difference in the effect  of sarcopenia on postoperative
outcome in gastric cancer patients compared to other gastrointestinal
malignancies has to be elucidated. One might postulate that the majority of gastric
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cancer patients have such a high degree of malnutrition and energy depletion that
the presence of sarcopenia does not have a measurable effect in this population.
An alternative preoperative assessment might be a multiscale evaluation of
geriatric frailty and nutritional status, for example assessed with the Groningen
Frailty Indicator (GFI) questionnaire and Short Nutritional Assessment
Questionnaire (SNAQ), an easy and low cost method. This has been shown to
predict adverse outcome after gastric cancer surgery in a recent study [5]. It was
previously shown that the combination of preoperative skeletal muscle mass
assessment with the SNAQ and GFI predicted adverse outcome after colorectal
cancer surgery [23]. Loss of skeletal muscle mass, rather than muscle mass, has
been found to be of prognostic value in oesophageal cancer patients and might
better predict for adverse outcome after surgery [32].
Adipose tissue measurements showed that patients with six-month mortality had
a significantly lower amount of subcutaneous adipose tissue. This might also be
an indicator of lower physiological reserves and therefore put these patients at an
increased risk for an adverse outcome. Previous studies have investigated the
relationship between adipose tissue surface area and outcome. In one study low
visceral fat area was associated with worse oncological outcome after resection
for hepatocellular carcinoma [33]. Furthermore, the amount of perirenal fat has
been identified as a marker for intraabdominal fat and was associated with
postoperative complications in elective colorectal surgery [34]. In conjunction with
results from this study another study in gastric cancer surgery patients also did
not show differences in outcome in association with visceral adipose tissue [35].
Although this is the first study investigating skeletal muscle mass in gastric cancer
patients, it is limited by its retrospective design. Not all CT imaging studies were
available for analysis in all patients, since the study was conducted in a tertiary
referral centre. Despite efforts to retrospectively obtain missing CT studies data
was available in 152 (84.4%) cases. However, these patients were not statistically
different from the total population. Also, the sample of patients who had two CT-
scans prior to and after neoadjuvant chemotherapy was too limited to perform
adequate statistical analysis. 
In conclusion, this single centre study is the first to show that sarcopenia is highly
prevalent in patients undergoing surgery for gastric cancer. In contrast to previous
studies among various gastrointestinal cancer populations sarcopenia was not
associated with worse outcome after surgery. Visceral adiposity was also not
associated with worse outcome. Future studies are needed to determine the
usefulness of preoperative body composition measurements in gastric cancer
patients. 
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Abstract

Aim

Financial aspects of new techniques remain important due to expanding health
care costs. Therefore, a cost analysis was performed during the introduction of
laparoscopic gastrectomy for gastric cancer. 

Methods 

All patients who underwent surgery for gastric cancer with curative intent in 2013
and 2014 were prospectively included. Primary outcomes were costs regarding
surgery and hospital stay. 

Results

Laparoscopic gastrectomy was used in 52 patients (mean age 68 years [±9, range
50 to 87] years) and open gastrectomy was used in 25 patients (mean age 70 years
[±10, range 46 to 85]). Mean costs (in euro’s) of surgical instrumentation were
significantly higher for laparoscopic surgery: mean 2270 (±670) vs. 1181 (±680) in
the open approach (P<0.001). Costs of theatre use were higher in the laparoscopic
group: mean 3818 (±865) vs. 2545 (±1268) in the open surgery (P<0.001). Total costs
of hospitalization (i.e., costs of surgery and admission) were not different between
laparoscopic and open surgery, 8187 (±4864) and 6152 (±2680) respectively
(P=0.729). Mean length of hospital stay was 9 (±12) days in the laparoscopic group
versus 14 (±14) days in the open group (P=0.044). 

Conclusions

The introduction of laparoscopic gastrectomy for gastric cancer coincided with
higher costs for theatre use and surgical instrumentation compared to the open
technique. Total costs were not significantly different due to shorter length of stay
and less ICU admissions and shorter ICU stay in the laparoscopic group.
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Introduction

In patients with gastric cancer, surgical resection is the only treatment that can
offer cure or increase long-term survival [1]. Laparoscopic surgery for gastric cancer
has gained popularity despite initial concerns regarding safety and oncological
adequacy [2]. Studies conducted in Korea and Japan reported that laparoscopic
gastrectomy (LG) is comparable to open gastrectomy with regard to surgical and
oncological outcomes [2-4]. A meta-analysis by Memon et al. showed that
laparoscopic procedures are associated with less blood loss but longer operation
time [4]. Many studies have reported outcomes of laparoscopic surgery for Early
Gastric Cancer (EGC), but several authors have shown that a laparoscopic approach
can also be used in cases of advanced gastric cancer [5-7]. This makes it a
potentially important strategy in Europe where the vast majority of patients
present at stage II or higher as opposed to Asian countries where EGC is far more
common [8]. 
In the current economic climate, governmental organizations and health insurance
companies have a major influence on the regulation of costs in healthcare.
Moreover, surgeons often have to prove that new techniques are cost-effective
for hospital organizations. To the best of our knowledge, no cost-analysis studies
have yet been performed concerning the introduction of the laparoscopic
procedure for gastric resections [2]. The aim of this study was to evaluate the costs
of the introduction of a laparoscopic surgery program for gastric cancer in a
Western community training hospital and tertiary referral centre for gastric cancer
surgery. 
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Methods

Patients

Introduction of laparoscopic gastrectomy was started in January 2013. All
consecutive patients with gastric adenocarcinoma eligible for curative surgery
from January 2013 to December 2014 were included. Whether the patient would
undergo laparoscopic or open surgery depended on the surgeon’s experience in
laparoscopic gastric surgery and surgeon preferences. Patients who underwent
multivisceral resections were not included in this study. All data were collected in
a prospective database. If non-equal groups were obtained, a consecutive number
of  patients who underwent open gastrectomy with curative intent would be
retrospectively included to create two groups of equal size. All data, including
intraoperatively used materials (e.g., electrosurgical devices, staplers, suture
materials and reusable instruments) were all available through the hospitals fully
digitized patient information system, also for retrospectively included patients.
This observational study collected data concerning direct hospital-related costs
and complication rates and admission length. The Charlson Comorbidity Index
(CCI) was used to classify comorbidities in patients [9]. Patients received care as
usual. Approval for this study was obtained from the medical ethics committee.

Preoperative stage

Preoperatively all patients underwent gastroesophageal endoscopy and biopsies
were taken to confirm the diagnosis. Further preoperative staging was done with
Computed Tomography (CT) of the abdomen and chest. Magnetic Resonance
Imaging (MRI) and/or Positron Emission Tomography (PET)/CT imaging was
selectively performed when liver lesions were visible on CT-imaging.
Multidisciplinary consensus regarding the treatment was obtained in all cases. Neo-
adjuvant chemotherapy was administered whenever patient condition and
comorbidities would allow. 

Outcome measurement

Primary outcomes included costs regarding surgery and hospital stay. Costs were
obtained from the Financial Controllers of the involved departments. Data (e.g.
duration of operation, use of disposables) were collected prospectively. For
patients who were retrospectively included all data were available through the
electronic patient record system. This system also recorded which disposable and
reusable operating theatre materials were used during surgery. Costs of ward stay
were 180 euros per day, intensive care unit (ICU) admission was 665 euros per day.
Costs of operating theatre use were hourly rates for surgery and anesthesiology
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combined at 800 euros per hour. Sterilization costs of reusable instruments were
also accounted for and varied for different types of surgical sets that were used.
All used instruments, disposable and reusable, were noted during the procedure
by one of the operating room nurses on a prepared list that was provided to
prospectively collect data. Costs of the disposable instruments for the laparoscopic
and open surgery are shown in table 1a and table 1b. Postoperatively all patients
were admitted to the recovery ward before they were transferred to the general
ward. For laparoscopic and open gastrectomy, costs of both disposable and
reusable instruments, operating theatre use, ICU stay and hospital stay were
calculated separately. 

Secondary outcomes were estimated blood loss, duration of operation, length of
ICU stay, length of hospital stay, anastomotic leakage rate and complications.
Complications were graded according to Clavien-Dindo classification: grade 3a (i.e.,
complication requiring reintervention) or greater was considered a major
complication [10]. Tumour stage was classified in line with the American Joint
Committee on Cancer TNM 5th edition. 
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Table 1a. Costs of disposable instruments for laparoscopic surgery  
Item Price 
Ligasure Impact 5mm, Medtronic, Ireland* � 448.22 
Ligasure Impact 10mm, Medtronic, Ireland* � 376.00 
Autosuture endobag, endocatch, Medtronic, Ireland* � 63.56 
Autosuture EndoGIA 12mm, Medtronic, Ireland* � 203.00 
Reload EndoGIA purple 45, Medtronic, Ireland* � 173.00 
Reload EndoGIA purple 60, Medtronic, Ireland* � 176.00 
Reload EndoGIA Gold 45, Medtronic, Ireland* � 181.00 
Endopaddle 12mm, Medtronic, Ireland* � 81.84 
Alexis small/medium, applied medical � 31.00 
Endoshear 5mm, Medtronic, Ireland* � 73.50 
EEA XL, Medtronic, Ireland* � 439.62 
EEA Orvil, Medtronic, Ireland* � 94.20 
Bladeless trocar 5mm, Medtronic, Ireland* � 48.88 
Bladeless trocar 5-12mm, Medtronic, Ireland* � 48.88 
Blunt trocar 5-12mm, Medtronic, Ireland* � 47.81 
Pyramidal bladed trocar 10-15mm, Medtronic, Ireland* � 80.43 
Hem-o-lok L filling, Weck USA � 23.00 
Hem-o-lok XL filling, Weck USA � 23.00 
* Formerly Covidien USA  

 



Surgical technique and postoperative care

Open surgery was performed by three surgeons prior to introduction of
laparoscopic surgery for gastric cancer. All three had extensive experience in open
surgery for gastric cancer. 
Laparoscopic procedures were performed by two of the abovementioned three
surgeons. Both surgeons also had extensive prior expertise in laparoscopic surgery
for other gastrointestinal malignancies, mainly colorectal surgery and gastric GIST
tumours. Prior to introducing laparoscopic surgery for gastric cancer, specific
expertise and proficiency was obtained by the laparoscopic surgeons by taking
expert courses in the Netherlands and Singapore. 
Surgical resections for gastric malignancy were defined as either distal or total
gastrectomies. The type of resection performed depended on the localization and
depth of invasion of the tumour. In both open and laparoscopic surgery, a standard
D2 or D1+ lymph node dissection (dissection of group 1 and number 8a and 9 lymph
nodes) was performed in accordance with Dutch guidelines. Continuity of the
gastrointestinal tract in subtotal gastrectomies was restored either by a Billroth-II
or a Roux-en-Y reconstruction. In the case of a total gastrectomy a Roux-en-Y
reconstruction was always performed. Patients were not routinely admitted to the
ICU postoperatively. Intensive care unit admission was always for complication
management (e.g., sepsis, pulmonary complications). 
Postoperative care of both open and laparoscopic patients included several
aspects of a multimodal perioperative ERAS (Enhanced Recovery After Surgery)
program for gastrointestinal cancer [11]. These include early enteral feeding (i.e.,
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Table 1b. Costs of disposable instruments for open surgery  
Item Price 
Ligasure Impact, Medtronic, Ireland* � 343.80 
Purssting stapler, Medtronic, Ireland* � 57.34 
TA Green 30, Medtronic, Ireland* � 106.30 
Reload TA Green 30, Medtronic, Ireland* � 60.50 
TA Green 60, Medtronic, Ireland* � 110.09 
Reload TA Green 60, Medtronic, Ireland* � 65.00 
GIA Blue 60, Medtronic, Ireland* � 119.68 
Reload GIA Blue 60, Medtronic, Ireland* � 75.51 
GIA Blue 80, Medtronic, Ireland* � 147.48 
Reload GIA Blue 80, Medtronic, Ireland* � 81.74 
GIA Green 80, Medtronic, Ireland* � 148.96 
Reload GIA Green 80, Medtronic, Ireland* � 81.74 
CEEA 21, Medtronic, Ireland* � 408.97 
CEEA 25, Medtronic, Ireland* � 384.48 
CEEA 28, Medtronic, Ireland* � 388.33 
CEEA 25 XL, Medtronic, Ireland* � 439.62 
* Formerly Covidien USA  

 



resumption of liquids on postoperative day one) and early mobilization. Follow-up
of the patients after discharge was performed periodically. Follow-up consisted of
physical examination, blood tests, and CT-imaging if indicated. 
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Statistical analysis

Data were analyzed using SPSS 20 (IBM Corp. Armonk, NY). Continuous variables
were expressed as mean with standard deviation (±SD) or mean (range) if
appropriate. Chi-squared (χ2) tests were used to compare the difference in
frequencies of categorical variables. To compare the means of two independent
samples, t-tests and non-parametric tests were used. The threshold for statistical
significance was set at a P-value of <0.05.
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Table 2. Baseline characteristics 
 Open gastrectomy 

(n=25, 32%) 
Laparoscopic gastrectomy 
(n=52, 68%) 

P-value 

Age 70.0 (–10, 46 to 85) 68 (–9, 50 to 87) 0.470 
Sex (male/female) 17/8 32/20 0.623 
BMIa 25 (–4, 18 to 36) 25 (–5, 15 to 38) 0.824 
CCIb:   0.158 
- 0-2 16 (64%) 27 (52%)  
- 3-4 7(28%) 11 (21%)  
>4 2 (8%) 14 (27%)  
Tumour stagec:   0.681 
- 0 0 (0.0%) 2 (4%)  
- 1a 4 (16%) 11 (21%)  
- 1b 6 (24%) 15 (29%)  
- 2 5 (20%) 4 (8%)  
- 3a 4 (16%) 10 (19%)  
- 3b 3 (12%) 4 (8%)  
- 4 3 (12%) 6 (11%)  
Subtotal gastrectomy 16 (64%) 38 (73%) 0.436 
Total gastrectomy 9 (36%) 14 (27%)  
Neoadjuvant 
chemotherapy 

11 (44%) 36 (69%) 0.046 

Legend: 
a. BMI: Body mass index in kg/cm2 
b. CCI: Charlson Comorbidity Index 
c. In accordance with TNM 5th edition 

 



Results

Baseline characteristics

A total of 77 patients underwent gastrectomy with curative intent from January
2013 to December 2014. The laparoscopic approach was used in 52 (68%) patients.
The open approach was used in 25 (32%) patients. There were no statistically
significant differences in sex, age, CCI (i.e., comorbidities) or tumour stage. Patients
undergoing laparoscopic gastrectomy had significantly more frequently received
neoadjuvant chemotherapy (69% vs. 44%, P=0.046) (table 2). 
A consecutive series of 30 patients who underwent open surgery were included
retrospectively. These patients underwent surgery between May 2012 and January
2013. These patients did not differ from patients who underwent open surgery in
the prospective series with regards to the baseline characteristics mentioned in
the prospective group. 
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Table 3. Primary outcome, costs of surgery, hospital admission and Intensive 
Care Unit (ICU) stay 
Costs (in euros) Open gastrectomy 

(n=25, 32.5%) 
Laparoscopic gastrectomy 
(n=52, 67.5%) 

P -value 

Surgical instrumentation 1,181 (–680) 2,270 (–670) <0.001 
Operating theatre use  2,545 (–1,268) 3,819 (–865) <0.001 
Ward stay 2,218 (–1,810) 1,381 (–1,298) 0.023 
ICU staya 1,729 (–6,499) 716 (–3,299) 0.366 
Admission 3,947 (–6,719) 2,097 (–4,419) 0.153 
Total costs 7,673 (–8,064) 8,187 (–4,864) 0.729 

 
Table 4. Secondary outcome parameters 
 Open gastrectomy  

(n=25, 32.5 %) 
Laparoscopic gastrectomy 
(n=52, 67.5%) 

P �value 

Intraoperative blood loss (ml) 592 (–529, 100 to 
2500) 

267 (–316, 20 to 2000)* 0.002 

OR time (min) 191 (–95, range 95 to 
554)  

286 (–65, range 207 to 597) <0.001 

Lymph node yield (n) 25 (–10, 7 to 51) 26 (–8, 10 to 47) 0.651 
Any complication 15 (60%) 16 (31%) 0.025 
Grade Clavien-Dindo=3a 7 (28%) 6 (12%) 0.104 
Anastomotic leakage 3 (12%) 2 (4%) 0.322 
Mean length of stay (days) 15 (–14, 5 to 59) 9 (–12, 2 to 84)  0.044 
Mean ICU stay (days) 3 (–10, 0 to 49) 1 (–5, 0 to 35)  0.366 
Readmission 4 (16%) 6 (12%) 0.720 
* Five missing values for intraoperative blood loss in laparoscopic group 

 



Primary outcome

The costs (in euro’s) of surgical instrumentation were significantly higher for
laparoscopic surgery compared to open gastrectomy, 2,270 (±670) and 1,181 (±680)
respectively, P<0.001 (table 3). Also, the costs of theatre use were significantly
higher in the laparoscopic group compared to open gastrectomy, 3,819 (±865) and
2,545 (±1268) respectively, P<0.001. Costs of general ward stay were significantly
lower in the laparoscopic group compared to open gastrectomy, 1,381 (±1298) and
2,218 (±1810) respectively, P=0.023. 
ICU stay and total admission costs (i.e., ward stay and ICU stay combined) were
not significantly different. The total costs of admission and surgery did not
significantly differ between open and laparoscopic gastrectomy, 7,672 (±8,064)
and 8,187 (±4,863) respectively, P=0.729.
When a retrospective consecutive series of open gastrectomies was included to
obtain equal sized groups (i.e., 55 open versus 52 laparoscopic gastrectomies),
total admission costs were significantly lower in the laparoscopy group, 2,097
(±4,420) versus 4,611 (±7,991), P=0.048. Costs difference of total hospitalisation
(i.e, operating theatre and ward stay) between open and laparoscpic gastrectomy
was not smaller at 8,187(±4,868) for laparoscopic patients versus 7,915 (±8,653)
for patients who underwent open surgery, P=0.843.

Secondary outcomes

Comparison between the two techniques showed that total theatre time utilized
was 191 min ±95 for the open procedure and 286 min ±65 for the laparoscopic
gastric resection (P<0.001) (table 4). Results for secondary outcome parameters
are listed in table 4. Mean intraoperative blood loss was significantly less in the
laparoscopic gastrectomy group (267ml vs. 592ml, P=0.002). In three cases, the
laparoscopic approach was converted to an open procedure. In one case this was
due to a splenic rupture, which was caused during laparoscopic surgery. In the
other two patients the reason of conversion to an open procedure was a limited
view of suspected ingrowth of tumour in the pancreas.
Laparoscopic gastrectomy was associated with a lower rate of overall
complications and major complications, 16 (31%) vs. 15 (60%), P=0.025 and 6 (12%)
vs. 7 (28%), P=0.104 respectively. Anastomotic leakage rates were higher in patients
undergoing open gastrectomy than laparoscopic gastrectomy 2 (12%) and 2(4%)
respectively, P=0.322. The differences in major complications and anastomotic
leakage rates were not statistically significant  in the prospective series. Also,
patients who underwent laparoscopic resection had a shorter length of hospital
stay and ICU stay (see table 4).
When comparing equal sized groups (i.e., 55 open and 52 laparoscopic
gastrectomies), significantly more major complications occur in the open surgery
group, 17 (31%), compared to the laparoscopic group, 6 (12%), P=0.019. Also, the
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anastomotic leakage rate was significantly higher in the open surgery group at 10
(18.2%) compared to 2 (4%) in the laparoscopic group, P=0.029.
In the prospective series two patients died after surgery; one (4%) after open
gastrectomy and one (2%) after laparoscopic gastrectomy. In the total series (i.e.,
including the restrospective series of open gastrectomies) four patients (7.3%) died
after open gastrectomy, three died after septicemia from anastomotic leakage
with one patient who also had a concurrent pancreatic leakage. One patient died
of a severe aspiration pneumonia. One patient (1.9%) died after a laparoscopic
gastrectomy from intestinal ischemia of the right and transverse colon.
Both techniques had a similar lymph node yield: mean 29 (±10) and 26 (±8.5) for
open and laparoscopic gastrectomy respectively (P=0.103). There were three cases
of microscopically irradical resection: one in the open group and two in
laparoscopic gastrectomy group (P=0.614). 
Analysis of equal sized groups (i.e., 55 open versus 52 laparoscopic gastrectomies)
resulted in similar results for the abovementioned secondary outcome parameters.
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Discussion

The aim of this study was to evaluate the costs of laparoscopic surgery for gastric
cancer during the introduction of this new technique in a tertiary referral centre.
The results show a significant increase in costs of surgery associated with the
laparoscopic procedure. These costs are mainly due to increased use of (non-
)disposable instrumentation and theatre time. The secondary outcomes suggest
that laparoscopic gastrectomy is safe. This is represented by less blood loss, and
less (major) post-operative complications in laparoscopic surgery. With regards to
oncological safety the number of harvested lymph nodes and microscopically
irradical resections were equal in laparoscopic and open surgery. Only two patients
died in this study, one following open and one following laparoscopic gastrectomy. 
This study was conducted at the time when the laparoscopic approach was
introduced in our tertiary referral hospital for gastric cancer. The complexity of
the laparoscopic approach is one of the reasons for a more time-consuming
procedure. As surgeons gain experience, operative time is expected to decrease
and theatre costs (at an hourly rate) will decline. Moreover, knowledge of the
postoperative care on the clinical wards and safety of earlier discharge (ERAS) for
patients who underwent laparoscopic as well as open surgery may help reduce
hospital stay. This study shows positive results with regards to financial aspects of
laparoscopic surgery even during the introduction and learning curve phase of its
introduction. 
Even though the duration of operation is expected to decline, the longer operative
time compared to open surgery will probably remain. This has been shown in larger
meta-analyses with weighted mean differences ranging from +48 to +82 min of
longer operative time for laparoscopy [12-14]. 
These meta-analyses also show several other advantages of laparoscopic surgery
compared to open surgery such as significantly shorter hospital stay (2.5 to 3.6
days) and significantly lower complication rates [13, 14]. These differences can be
expected to be associated with lower costs. Moreover, laparoscopic gastrectomy
has been shown to be associated with improved quality of life [15]. Studies in liver
surgery, pancreatectomy and wedge resections for gastrointestinal tumours, have
shown that laparoscopic surgery has the same advantages discussed above
compared to open surgery (e.g. shorter hospital stay, less intraoperative blood
loss, decreased medical complications and no differences in operative mortality)
[16-18]. For pancreatic and wedge resections this was performed at the cost of a
longer operative time and a more expensive procedure due to costly surgical
instruments [16, 17]. In these studies increased costs associated with the procedure
and instrumentation are offset by a reduction in other costs (e.g., shorter hospital
stay). This possibly makes laparoscopy a viable and cost effective option.
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Another potential cost benefit of laparoscopic surgery could be found in long term
complications of open abdominal surgery. Incidence of incisional hernia can be
expected to be much lower in laparoscopic surgery compared to patients who
underwent midline laparotomy. Therefore costs of treating incisional hernia might
be lower in laparoscopic compared to open surgery for gastric cancer.
Multimodal fast-track programs such as ERAS (Enhanced Recovery After Surgery)
could further decrease hospital stay and complication rates and therefore costs.
A fast-track program in laparoscopic gastrectomy for gastric cancer has been
shown to be associated with decreased hospital stay and costs [19].
One of the main limitations of this study is its non-randomized design. Therefore
a selection bias cannot be excluded. Also the non-equal sized groups is a
consequence of this fact. By partially retrospectively studying prospectively
maintained digital registration data of used materials an effort could be made to
compare equal sized groups. Most data and all costs-related data regarding
laparoscopic procedures however were collected prospectively. Despite this,
statistically significant differences were shown for the primary and secondary
outcomes. No definitive conclusions can be drawn with regard to aspects such as
postoperative complications and long term oncological safety. However,
secondary outcomes show differences in favor of laparoscopic surgery. These are
in line with other studies and show a shorter length-of hospital stay and fewer
complications. Another limitation is that only patients who underwent surgery
with curative intent for gastric adenocarcinoma were included. No conclusions can
be drawn with regard to costs of palliative resections.
In conclusion, during the introduction of a laparoscopic gastrectomy programme
for gastric cancer costs for theatre use and surgical instrumentation were higher
compared to the open technique but overall costs were similar due to reduced
length of stay and lower complications rates (and therefore lower ICU admission
rates and costs). Similar results regarding surgical safety, feasibility and post-
operative complications between laparoscopic and open gastrectomy were found.
Larger prospective studies will be needed to determine cost effectiveness of
laparoscopic surgery for gastric cancer.
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Abstract

Aim

Insight in health-related quality of life (HRQoL) may improve clinical decision-
making and inform patients about the long-term effects of gastrectomy. This study
aimed to evaluate HRQoL and identify factors associated with HRQoL after
gastrectomy.

Methods

This cross-sectional study used prospective databases from 7 Dutch centers and
included patients who underwent gastrectomy for cancer between 2001-2015.
Between July 2015 and November 2016, European Organization for Research and
Treatment of Cancer HRQoL questionnaires QLQ-C30 and QLQ-STO22 were sent
to all patients that were alive without recurrence. The QLQ-C30 scores were
compared to a Dutch reference population using one-sample t-test. Spearman’s
rank was used to correlate time after surgery to HRQoL, and multivariable linear
regression was performed to identify factors associated with HRQoL.  

Results

A total of 222/274 (81.0%) patients completed the questionnaires. Median follow-
up was 29 months (range 3-171) and 86.9% of patients had a follow-up >1 year. The
majority of patients had undergone neoadjuvant treatment (64.4%) and total
gastrectomy (52.7%). Minimally invasive gastrectomy (MIG) was performed in 50%
of the patients. Compared to the general population, gastrectomy patients scored
significantly worse on most functional and symptom scales (p<0.001), and slightly
worse on global HRQoL (78 vs. 74, p=0.012). Time after surgery did not correlate
with global HRQoL (Spearman’s ρ=0.06, p=0.384). Partial gastrectomy,
neoadjuvant treatment, and MIG were associated with better HRQoL (p<0.050). 

Conclusion

After gastrectomy, patients encounter functional impairments and symptoms, but
experience only a slightly impaired global HRQoL. Partial gastrectomy, the ability
to receive neoadjuvant treatment, and MIG are associated with HRQoL benefits.
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Introduction

Gastric cancer is the fifth most common type of cancer worldwide [1], and surgical
resection is the cornerstone of treatment with curative intent. As survival after
gastrectomy for cancer has improved since the introduction of a more extensive
lymphadenectomy and perioperative chemotherapy [2, 3], the quality of life
following treatment has become increasingly important. Various complaints that
are associated with the treatment, such as a loss of appetite, early satiety, reflux,
dysphagia, nausea and change of stools, may have a profound impact on patients’
Health-Related Quality of Life (HRQoL) [4].

HRQoL is multidimensional, comprising physical, medical, psychological and social
parameters secondary to a disease and its treatment, and is considered as one of
the most important outcome measurements in cancer treatment nowadays.
Evaluating HRQoL helps health professionals to focus on certain aspects to
improve current treatment strategies. Moreover, understanding HRQoL in patients
after surgery for gastric cancer is useful for informing patients about the (long-
term) risks and benefits of an intervention. 

High-quality studies evaluating HRQoL after gastrectomy for cancer in Western
countries are scarce. In addition, it is unknown if HRQoL of patients after
gastrectomy differs from HRQoL in the general population. The aim of this
multicenter cross-sectional study was therefore to evaluate HRQoL in patients who
underwent gastrectomy for cancer in relation to the general population and to
identify factors influencing HRQoL.



Methods

Study design

This cross-sectional multicenter cohort study included data from 7 referral centers
for gastric cancer surgery in the Netherlands. All data were extracted from
prospectively collected institutional databases. Institutional Review Board
approval was obtained and informed consent requirement was waived for this
study.

Patient population

This study included patients who underwent gastrectomy for gastric
adenocarcinoma between 2001-2015. Only patients who were alive and free of
disease were approached for participation. According to national guidelines,
patients received either perioperative treatment and gastrectomy or gastrectomy
alone. Staging was performed in accordance with the 7th American Joint
Committee on Cancer TNM staging system [5, 6]. Information on patient,
treatment, and histopathological characteristics were collected from the
prospective institutional databases. Follow-up was updated retrospectively.  

Quality of Life

Cross-sectional HRQoL was measured by means of the European Organisation for
Research and Treatment of Cancer (EORTC) questionnaires. The EORTC-QLQ-C30
was developed to assess the HRQoL of patients with cancer in general [7], the
EORTC-QLQ-STO22 was developed to assess the HRQoL of patients with gastric
cancer specifically [4]. The EORTC-QLQ-C30 and EORTC-QLQ-STO22 consist of 30
and 22 questions respectively, scored on a 4-point or 7-point Likert scale, which
are translated to a global QoL scale, functional scales (physical, role, emotional,
cognitive, social, and body image) and symptom scales (fatigue, nausea and
vomiting, pain, dyspnea, insomnia, appetite loss, constipation, diarrhoea, financial
difficulties, dysphagia, reflux, eating restrictions, anxiety, dry mouth, taste, and
hair loss). Higher scores in global HRQoL and functional scales indicate better
HRQoL, whereas higher scores in the symptom scales indicate more severe
symptoms. Patients were contacted to complete the questionnaires by mail, and
received one reminder by telephone in case of no response.

Statistical analyses

Variables were presented as numbers with percentages (ordinal variables), mean
with standard deviation (parametric continues variables), or median with range
(non-parametric continues variables). HRQoL data obtained by the questionnaires
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were scored according to the manual [8], and presented as values between 0-100.
The patients’ HRQoL scores of the EORTC-QLQ-C30 were compared to a general
Dutch reference population by using data from a previous study, consisting of 1,731
individuals (925 men and 796 women) with a mean age of 52.9 years [9], and
performing one sample t-tests. No such reference population exists for the EORTC-
STO-22. Based on previous studies, a difference in HRQoL >10 points was
considered clinically relevant [10]. A Spearman’s rank correlation coefficient (ρ)
was calculated to measure the dependence of different HRQoL scores to time since
surgery, and is presented as a value between 0.0-1.0. A positive or negative
correlation coefficient was considered very strong if ρ>0.8, strong if ρ=0.6-0.8,
moderate if ρ=0.4-0.6, weak if ρ=0.2-0.4, and very weak if ρ<0.2. Moreover, the
Kruskal-Wallis test was used to compare HRQoL between the years of surgery.
Last, multivariable linear regression analysis with stepwise backward elimination
of the least significant variables was performed to evaluate the association
between HRQoL scales and patient-, surgical and histopathological variables. These
variables were chosen based on their possible association with HRQoL as
demonstrated by previous studies [11-15], and included gender, age, neoadjuvant
treatment, subtotal vs. total gastrectomy, minimally invasive vs. open gastrectomy,
ASA score, major complications (defined as complications requiring a re-
intervention or intensive care admission.), tumor stage and length of follow-up.
Results of the multivariable linear regression were demonstrated as linear
regression coefficients with 95% confidence intervals (95% CIs). A p-value <0.05 was
considered statistically significant. All statistical analyses were performed using
IBM SPSS version 21 for Windows.
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Results

Patients

A total of 683 patients who
underwent gastrectomy for gastric
adenocarcinoma were identified
from the combined database. Some
409 patients were excluded due to
death or recurrent disease. The
remaining 274 patients were invited
to participate in the study and were
sent HRQoL questionnaires. The
questionnaires were completed by
222 of 274 (81.0%) patients.

Baseline

The median follow-up at completing
the questionnaires was 29 months
(range 3-171); 193 (86.9%) of the
respondents had a follow-up of >1
year, whereas 40 (18.0%) had a
follow-up of >5 years (figure 1).
Patient-, surgical-, and
histopathological characteristics of
the patients are shown in table 1.
Some 143 (64.4%) patients had
undergone neoadjuvant treatment,
117 patients (52.7%) a total
gastrectomy, and 111 patients
(50.0%) a minimally invasive
gastrectomy (MIG). Of the patients
receiving perioperative treatment,
the vast majority received
perioperative chemotherapy
according to a regimen similar to
epirubicin, cisplatin, and
capecitabin3. Radiotherapy was not
routinely performed, except for
some patients who received

Table 1. Baseline characteristics of 222 patients who 
underwent gastrectomy for cancer 
 n = 222   (%) 
Age (years) [mean (–SD)] 67.7 –10.6 
BMI (kg/m2) [mean (–SD)] 25.5 –4.4 
Gender   
   Male 141 (63.5) 
   Female 81 (36.5) 
Malignancy history   
   No 157 (86.3) 
   Yes 25 (14.7) 

Unknown 40   
Comorbidity 169 (76.1) 

Cardiovascular 110 (49.5) 
Pulmonary 37 (16.7) 
Diabetes Mellitus 37 (16.7) 

ASA   
I 33 (14.9) 
II 141 (63.5) 
III 46 (20.7) 
IV 2 (0.9) 
   

Neoadjuvant treatment 143 (64.4) 
Adjuvant treatment 67 (30.2) 
Year of surgery   

2001-2004 3 (11.4) 
2005-2009 10 (4.5) 
2010-2012 66 (29.7) 
2013-2015 143 (64.4) 

Surgical type   
   Partial gastrectomy 105 (47.3) 
   Total gastrectomy 117 (52.7) 
Surgical approach   
   Open 111 (50.0) 
   Laparoscopic 111 (50.0) 
Complications 89 (40.1) 

Major 42 (18.9) 
Anastomotic leakage 16 (7.2) 
Pulmonary 24 (10.8) 

Hospital stay (median, range) 9 (3-124) 
   

Radicality   
   R0 214 (96.4) 
   R+ 5 (2.3) 
   Missing 3 (1.4) 
pTNM-stage   

0 15 (6.8) 
   I 88 (39.6) 
   II   78 (35.1) 
   III 40 (18.0) 
   IV 1 (0.5) 
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adjuvant chemoradiation as part of the CRITICS trial [16]. The majority of patients
(n=119, 53.6%) had an advanced tumor stage (≥II). Major postoperative
complications were seen in 42 (18.9%) patients. Median hospital stay was 9 days
(range 3-124), and 24 (10.8%) patients were readmitted within 30 days after
discharge.

Table 2. Mean [standard deviations] health-related quality of life (HRQoL)-scores of 222 patients 
who underwent gastrectomy for cancer compared to the general Dutch population 
 Total 

n = 222  
Reference population 
n= 1731 

WMD p-value 

Quality of life 
questionnaire (QLQ)-C30 

      

       
Global quality of lifea 74 [21] 78 [17] -4 0.002 
       
Functional scalesa       
Physical 79 [20] 90 [15] -11 <0.001 
Role 73 [29] 89 [21] -16 <0.001 
Emotional 81 [24] 89 [16] -8 <0.001 
Cognitive 81 [22] 92 [15] -11 <0.001 
Social 81 [26] 94 [16] -13 <0.001 
       
General symptom scalesb       
Fatigue 33 [27] 17 [20] +16 <0.001 
Nausea and vomiting 14 [22] 2.7 [10] +11 <0.001 
Pain 18 [26] 15 [22] +3 0.067 
Dyspnoea 18 [25] 7.1 [17] +11 <0.001 
Insomnia 20 [29] 14 [23] +6 0.002 
Appetite loss 21 [32] 3.3 [12] +18 <0.001 
Constipation 10 [22] 4.8 [14] +5 0.001 
Diarrhoea 18 [26] 3.9 [14] +14 <0.001 
Financial difficulties 16 [29] 3.1 [13] +13 <0.001 
       

QLQ-STO22       
       

Functional scalesa       
Body image 82 [28] NA   NA 

       
General symptom scalesb       
Dysphagia 16 [21] NA   NA 
Pain 20 [22] NA   NA 
Reflux  22 [25] NA   NA 
Eating restrictions 25 [25] NA   NA 
Anxiety 30 [27] NA   NA 
Dry mouth 21 [30] NA   NA 
Taste 17 [29] NA   NA 
Hair loss 18 [32] NA   NA 

Scores are presented as mean [–SD]. a) Score range 0-100, higher scores represent a better 
quality of life or level of functioning; b) Score range 0-100, higher scores represent more severe 
symptoms. 

 



HRQoL vs. reference population

The mean HRQoL score and standard deviation of the study population and the
reference population are shown in table 2 [9]. Patients who underwent
gastrectomy for cancer had statistically significantly lower scores than the
reference population for all functional scales (p<0.001) and most general symptom
scales (p<0.002), expect for pain symptoms (p=0.067) (table 2). This difference
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Table 3. Spearman�s rank correlation coefficients between quality of life and length of follow-
up since surgery 
 Spearman’s rank coefficient (rho) 
 Total cohort 

(n=222) 
FU <1 year (n=29) FU >1 year (n=193) 

Quality of life questionnaire 
(QLQ)-C30 

   

    
Global quality of lifea + 0.06 - 0.01 + 0.11 
    
Functional scalesa    
Physical - 0.08 - 0.11 - 0.03 
Role - 0.02 - 0.17 + 0.06 
Emotional + 0.07 - 0.11 + 0.14 
Cognitive + 0.08 + 0.10 + 0.20 
Social + 0.03 - 0.03 + 0.07 
    
General symptom scalesb    
Fatigue + 0.08 + 0.29 - 0.01 
Nausea and vomiting + 0.07 - 0.14 + 0.06 
Pain + 0.06 + 0.03 - 0.01 
Dyspnoea + 0.03 + 0.17 - 0.03 
Insomnia + 0.04 - 0.11 - 0.05 
Appetite loss - 0.02 - 0.25 - 0.05 
Constipation - 0.07 - 0.17 - 0.08 
Diarrhoea + 0.07 - 0.06 + 0.09 
Financial difficulties - 0.02 - 0.14 - 0.06 
    

QLQ-STO22    
    

Functional scalesa    
Body image + 0.03 + 0.25 + 0.02 

    
General symptom scalesb    
Dysphagia - 0.03 - 0.32 - 0.03 
Pain - 0.02 - 0.16 - 0.09 
Reflux  + 0.13 + 0.01 + 0.13 
Eating restrictions - 0.11 - 0.11 - 0.07 
Anxiety - 0.11 - 0.03 - 0.13 
Dry mouth + 0.02 - 0.03 + 0.03 
Taste - 0.13 + 0.05 - 0.13 
Hair loss - 0.05 - 0.46 - 0.03 

FU: Follow-up 

 



was clinically relevant for most scales (physical, role, cognitive, and social
functioning, fatigue, nausea and vomiting, dyspnoea, appetite loss, diarrhea, and
financial difficulties). On global HRQoL, patients scored significantly worse
compared to the reference population, although this difference was clinically
irrelevant (weighted mean difference = 4, p=0.002). The distribution of global
HRQoL scores is demonstrated in figure 2: 78% of patients scored a global
HRQoL>60, compared to 83% in the reference population (p=0.027). 
In a subgroup analysis of males or females compared to a reference population of
comparable age (60-69 years), similar results as demonstrated in table 2 were
found (supplementary file 1 and 2). In addition, subgroup analyses of patients with
a follow-up of ≥12 months did not influence the results either (supplementary file
3). 

HRQoL and time since surgery

Spearman's rank correlation coefficients between HRQoL and time after surgery
were calculated, and demonstrated weak correlations, ranging from -0.13 to +0.13
(table 3). In patients with a follow-up <1 year, a larger variation of correlations was
present, ranging from -0.46 to +0.29. Moreover, there was no difference in HRQoL
between the years of surgery (p=0.523).

Predictive factors for HRQoL

Global HRQoL was significantly higher in patients who underwent partial
gastrectomy (+6.5 95% CI [0.8;12, p=0.026]) and neoadjuvant treatment (+8.2 95%
CI [1.8;15], p=0.012). Moreover, both partial gastrectomy and neoadjuvant
treatment were associated with better HRQoL scores in other symptom and
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gastrectomy for cancer compared to the general Dutch population 
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functioning scales (table 4). Minimally invasive surgery resulted in significantly
better HRQoL scores on physical functioning (+7.5 [2.4;12], p=0.004), fatigue (–7.0
[-14;-0.05] p=0.048), pain (–9.1 [-16;-2.6], p=0.007), and dry mouth (–9.5 [-17;-1.8],
p=0.015). Furthermore, female gender and a high ASA-score were predictive
factors for impaired HRQoL in some scales. 
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Discussion

This cross-sectional multicenter study demonstrates that patients who underwent
gastrectomy experienced functional complaints and symptoms, whereas global
HRQoL was only slightly lower compared to the Dutch reference population. No
strong correlations between time after surgery and HRQoL scores was found,
indicating that HRQoL remains stable after surgery. Most importantly, partial
gastrectomy and the ability to receive neoadjuvant treatment were associated
with higher global HRQoL, whereas minimally invasive surgery was associated with
better functional and symptom scores.

This study included consecutively treated patients in 7 centers in the Netherlands,
a population which consists of elderly patients, with multiple comorbidities and
advanced tumor stages, who frequently underwent perioperative chemotherapy
and minimally invasive surgery. The results of this study are therefore relevant, as
they may represent the average population undergoing gastrectomy for cancer in
the West. Unfortunately, to date, most studies on HRQoL after gastrectomy lacked
data on patient characteristics [12], were performed in the Asian population [13-
15], or made a selection of patients by age [14], minimally invasive procedures [14,
15], comorbidities [14, 15], tumor stage [13] or perioperative chemotherapy [11].
The present study is the first study to include all disease-free patients who
underwent gastrectomy for cancer, and to compare the results to a general
Western reference population.

Patient experience significant functional impairment and symptoms after
gastrectomy. However, this study demonstrates that the absolute difference in
global HRQoL is clinically irrelevant. These findings correspond with previous
studies on HRQoL after other types of cancer surgery, such as esophagectomy [17]
and breast cancer surgery [18], and demonstrate that patients can achieve a high
life satisfaction after surviving cancer, regardless of the presence of symptoms or
functional impairment. This might be explained by a phenomenon called
reconceptualization, which is well known in HRQoL assessments [19].
Reconceptualization implies that certain circumstances, such as surviving cancer,
can alter the internal reference points of an individual’s well-being, which are
critical for an evaluation of HRQoL. As a result, objective impairments in different
areas of life can be measured, but the overall HRQoL is based on other factors and
can therefore be comparable to before the circumstance, or as in this study, to the
general population. For example, a recent study even found a higher global HRQoL
in patients who underwent partial gastrectomy for early gastric cancer compared
to a general reference population, even though they experienced more symptoms
[14].
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The superiority of minimally invasive gastrectomy over open gastrectomy in
HRQoL was previously demonstrated by an Asian randomized controlled trial as
well [13]. Comparable benefits were found on physical functioning, and symptoms
such as fatigue and dry mouth. However, benefits in global HRQoL, as
demonstrated by the Asian study, could not be confirmed by the present study.
This difference could be explained by the fact that the present study evaluated a
population with longer follow-up than the Asian study (median of 29 vs. 3 months).
As minimally invasive surgery was introduced to reduce surgical trauma and fasten
recovery, one might expect HRQoL benefits of minimally invasive surgery mainly
on the short-term. Nevertheless, the present study was also able to detect HRQoL
benefits of minimally invasive surgery in a population with long-term follow-up.
Minimally invasive gastrectomy may have additional advantages over open
gastrectomy, such as reduced morbidity and shorter hospital stay [20], and it is
used more frequently over the years [21]. On the other hand, minimally invasive
gastrectomy is known to have a significant learning curve [22, 23], and results from
randomized controlled trials should be awaited before broad implementation can
be performed [24-26].

Other factors possibly influencing HRQoL that were evaluated in this study were
the extent of gastrectomy, neoadjuvant treatment, gender and time since surgery.
Partial gastrectomy is a less extensive procedure, in which a functional part of the
stomach is preserved, and requires a less extensive lymphadenectomy [27], which
probably contributed to a higher HRQoL compared to total gastrectomy on several
domains. This finding is in line with previous studies [15, 28]. Unfortunately, partial
gastrectomy can only be performed in selected cases in which oncologic safety
can be guaranteed by a safe margin around the tumor [27]. An interesting finding
is the higher HRQoL in patients who were able to receive neoadjuvant treatment,
which was chemotherapy in almost all patients, compared to patients who did not
receive neoadjuvant treatment. Although chemotherapy has been shown to
increase HRQoL in the palliative setting in comparison to best supportive care [29],
to our knowledge there is no comparative data on HRQoL in the perioperative,
curative setting. The only evidence available demonstrates that physical fitness of
patients decreases during neoadjuvant treatment [30]. The present study suggests
that if patients are fit enough to receive neoadjuvant treatment, they are likely to
have HRQoL benefits on the long term. The lower HRQoL after gastrectomy found
in females is consistent with previous studies and the general reference population
[9, 17]. Time since surgery was not associated, nor correlated with HRQoL. This
may be explained by the fact that the present study consisted mostly of patients
with long-term follow-up, and therefore could not focus on patients with a short-
term follow-up. Previous studies have demonstrated that time since surgery is
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mainly associated with HRQoL in the early recovery period [11], whereas it remains
relatively stable after the first year since surgery [31].

There are some limitations of this study that need to be addressed. First, compared
to the reference population, the study population consisted of older patients, and
a higher proportion of males. In order to reduce the risk of confounding by gender,
we performed subgroup analyses of males and females. Second, patients with
undiagnosed recurrent disease might have been included in this study. As recurrent
disease is an important negative predictor of HRQoL [11], this could have decreased
the HRQoL measured in the study population. Third, despite correcting for
confounding factors, selection bias cannot be fully excluded. These previous two
limitations might also explain the higher HRQoL in patients who were able to
receive neoadjuvant treatment, as these patients are generally more fit and at a
lower risk for recurrence compared to patients not receiving neoadjuvant
treatment [2]. Another form of selection-bias influencing the results of this study
is that mainly long-term survivors were included. Patients with recurrence or
patients who have died were excluded, which may be patients with worse HRQoL
after gastrectomy. This may have led to an overestimation of the quality of life of
patients after gastrectomy in this study. Lastly, due to the cross-sectional design
of this study, repeated measurements of HRQoL over time could not be analyzed.

In conclusion, although surviving patients experience significant symptoms and
functional problems after gastrectomy, the global HRQoL is more or less
comparable to the general population. Partial gastrectomy, the ability to receive
neoadjuvant treatment and minimally invasive surgery are associated with HRQoL
benefits, and should therefore be preferred if oncological safety is not
compromised. The results of this study may help health care professionals during
clinical decision-making and the preoperative process of informed consent.
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The first aim of this thesis was to provide an overview of literature on advances in
the preoperative-, intra-operative and postoperative stage as well as regional
organization of gastric cancer surgery. This is described in part one of this thesis
and will be summarized below. 
Next, part two of this thesis aimed to assess factors in preoperative assessment
that could possibly be used to predict adverse outcomes after surgery. Geriatric
frailty, nutritional status and body composition measurements such as sarcopenia
were assessed for their use as predictors of adverse postoperative outcome.
Interesting and promising characteristics for these predictors were found. These
were for example in case of sarcopenia contradictory to some other known studies
and maybe counterintuitive at first glance. In this chapter all these predictive
factors will be discussed. 
Part three deals with the third aim of this thesis which was to explore the financial
impact of introducing a new surgical technique for gastric cancer: laparoscopic
surgery. This section will provide a summary and discussion of the results which
may also not be what might be expected.
Lastly, part four, was aimed to explore the impact on Quality of Life of patients
after gastric cancer surgery among gastric cancer survivors. In this last part of the
thesis more interesting results were found. In the final part of this chapter these
will be summarized and discussed. 
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Advances in gastric cancer treatment

Physicians continuously strive to improve care for their patients. For gastric cancer
treatment many improvements have been made in recent years. In part one of this
thesis an assessment of a number of improvements in surgical care for gastric
cancer is provided. Some other important steps forward in gastric cancer
treatment are outside the scope of this thesis and are hence not addressed. The
most important of these are perhaps the results of perioperative chemotherapy
for gastric cancer patients in improving survival. 

Preoperative care

Risk assessment

Planning for every surgery starts with a risk-benefit assessment. This means
optimizing surgical care and preoperative informed consent starts with adequate
surgical risk assessment. Risk assessment in general is complex, especially in high
risk surgery. Risk assessment in gastric cancer surgery is especially important
because morbidity after gastric cancer surgery is relatively high with reported
complication rates up to 39% [1].
Over the years classification systems such as ASA-physical status and Charlson
Comorbidity Index (CCI) have helped physicians in clinical decision making, each
with their own merits and difficulties [2, 3]. For example, octo- and nonagenarians
who underwent radical gastrectomies had higher morbidity and mortality rates
associated with higher CCI ≥5 [4]. Table 1 shows examples of other potential risk
factors in gastric cancer surgery such as BMI and previous abdominal surgery. 

Age in itself should not be a deciding factor on which treatment decisions are
made. Comorbid conditions and general condition are far more important factors
predicting for adverse outcomes and should therefore be considered in clinical
decision making. However, it remains challenging to adequately assess a patient's

Table 1. Preoperative factors as predictors for impaired outcome 

Factor Effect Results P-value 
Obesity (BMI >25 kg/m2) [5] Increased overall complications 47.9 vs. 35.8% <0.001 
 Increased anastomotic leakage 11.8 vs. 5.4% 0.002 
 Increased SSI 8.9 vs. 4.7% 0.02 
History of PUAS/laparotomy [6] [7] Similar morbidity 13.6 vs. 10.6% 0.70 

BMI: Body Mass Index, PUAS: previous upper abdominal surgery, SSI: surgical site infection. 

 



general condition and decide what factors exclude a patient from surgical
treatment. Therefore, these other dimensions of patient condition and function
that should be considered are discussed.

Dimensions of patient condition and functioning as risk factors 

One of the topics that are further explored in this thesis in chapter three are
geriatric frailty and nutritional status. In Western countries gastric cancer is a
disease of the elderly, and therefore geriatric aspects have an important role in
these patients. Geriatric frailty is defined as a state of increased vulnerability
towards stressors in older individuals, leading to increased risk of developing
adverse health outcomes. Geriatric frailty is considered by Fried et al. to be a clinical
syndrome in which three of the following five aspects are present. Unintentional
weight loss (10 lbs in the past year), self-reported exhaustion, weakness (grip
strength),  slow walking speed, and low physical activity [8]. Geriatric frailty has
been identified as a risk factor for impaired outcome after surgery and assessment
of frailty is an emerging method to aid surgical risk assessment and which is rapidly
gaining evidence based support [9-12].
Gastric cancer patients are at a high risk for malnutrition with 30 to 38% of patients
having >10% weight loss in the past six months [13]. Importantly, malnutrition is
associated with increased morbidity and mortality after gastric cancer surgery [14].
The detection of nutritional depletion is important, especially with neo-adjuvant
therapies potentially further compromising the nutritional and metabolic status
[15]. This means that screening for malnutrition makes sense to help identify
patients who are at risk of adverse outcomes and to provide a point of intervention
in an effort to improve outcome. 
Sarcopenia, or the decrease of muscle mass and function, is a part of the cachexia
syndrome [14]. Sarcopenia has been shown to affect short- and long-term
postoperative outcome in patients undergoing liver and pancreatic surgery for
malignancy [16-18]. Assessment of sarcopenia can therefore perhaps help to
identify patients who are at risk for adverse outcome. Sarcopenia as a body
composition measurement is further explored for gastric cancer patients in this
thesis in chapter four.

Staging laparoscopy and wash cytology

Detection of peritoneal metastases is improved by staging laparoscopy for disease
which is not otherwise detected by preoperative imaging [19]. Patient
management is changed in up to 60% of cases and can thereby also prevent an
unnecessary explorative laparotomy [20, 21]. For the aforementioned reasons an
expert panel concluded that a staging laparoscopy should be performed with
exceptions being early gastric cancer or known metastatic disease [22].
Additionally, staging laparoscopy offers the ability to obtain peritoneal wash
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cytology. This can help detect intraperitoneal free cancer cells (IFCC). IFCC's are a
predictor of early recurrence after curative intent surgery and its assessment might
in the future change management [23]. 

Advances in intraoperative care: laparoscopic surgery

As for other types of procedures laparoscopic surgery is advocated to have a
multitude of benefits for patients. In gastric cancer it has been shown to be
associated with less intra-operative blood loss, fewer overall and minor
complications, less postoperative pain and shorter length-of-stay [24]. Also serum
markers indicating postoperative stress were lower, i.e. lower C-reactive protein
level on day 7, leukocyte count and interleukin-6 levels [25]. 
There are however downsides to the laparoscopic technique such as increase in
operation time, number of harvested lymph nodes and postoperative
complications [25, 26]. A meta-analysis evaluating randomized controlled trials and
high quality non- randomized controlled trials on laparoscopic versus open
approach for distal gastrectomy for cancer showed that major complications and
mortality rates were similar between procedures and concluded that the
laparoscopic approach is safe [24]. 
Importantly most of these data are derived from Asian countries which are mainly
based on patients with early gastric cancer and therefore comparison to a Western
population is difficult because these patients most often have advanced stage
disease. The general conclusion of these studies is that the laparoscopic approach
offers improved recovery after surgery at no compromise of morbidity and
mortality.
A critical issue with laparoscopic surgery according to opponents of this approach
is oncological adequacy and perhaps an increase in costs. The evidence for this is
still sparse although a few studies report similar oncological outcomes for
laparoscopic procedures at five years [27-29]. 
Therefore work needs to be done to provide evidence for the value of laparoscopic
surgery in Western gastric cancer patients. Chapter five of this thesis provides a
study that analyses the financial impact of the introduction of laparoscopic surgery
for gastric cancer. Larger multi-center randomized controlled trials are needed to
provide evidence based data on patient benefit (e.g. reduction in length of hospital
stay). 

Advances in postoperative care

ERAS and Fast-track programs

In colorectal surgery, Enhanced recovery after surgery (ERAS) programs have been
developed and implemented with great success [30]. Importantly, ERAS protocol
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recommendations are not solely concerned with postoperative care. Additionally,
they include preoperative items (e.g., counseling) and intra-operative
recommendations (e.g., avoidance of salt and water overload and use of short
acting anesthetic agents). Most recommendations by the ERAS society for colonic
surgery can potentially be implemented, albeit in modified form, in gastric cancer
patients. Examples include: early removal of urinary catheters, prevention of
postoperative ileus, postoperative analgesia, and early mobilization and
resumption of normal diet [31]. A multitude of studies have investigated fast-track
aspects such as early oral feeding. This has resulted in the publication of a gastric
cancer surgery specific ERAS protocol, but because of limited evidence for many
aspects of ERAS it is largely a consensus guideline [32].

Detection and treatment of anastomotic leakage 

One of the most grave complications of gastric cancer surgery is anastomotic
failure or leakage. It can have detrimental consequences including septicemia,
multi-organ failure, ICU admission and is potentially fatal. Risk factors for
anastomotic leakage include: older age (>65 years), longer operating time, intra-
operative errors, increased blood loss and co-morbidities [33-35]. Therefore early
detection and treatment are aimed to minimize deleterious consequences to the
patient.
Clinical suspicion of anastomotic leakage or intraabdominal abscess requires
further evaluation using CT-imaging augmented with oral and intravenous
contrast. Fever, Systemic Inflammatory Response Syndrome (SIRS) and positive
peritoneal signs can raise suspicion for anastomotic leakage. 
Minor leaks can be managed by percutaneous drainage of abscesses and
placement of a nasogastric or naso-jejunal tube [36-38]. Reoperation is required
when conservative treatment is ineffective if the patient condition warrants
surgical exploration. During surgery the anastomosis can be evaluated and
reconstruction can be carried out if the anastomosis is in a poor condition [39]. 
Endoscopy enables evaluation of the anastomotic site without need for invasive
surgery and endoscopic treatment options for leakage are available [40]. Smaller
defects (<2cm) can be successfully managed using endoscopy, e.g., fibrosealant
or Histoacryl and removable covered metal stents to treat anastomotic leaks [41,
42]. This technique admittedly requires a well trained and well equipped
endoscopy department.

Advances in organization of care: centralization and audits

In complex surgery and surgical care, such as gastric cancer surgery, increased
hospital volume leads to better outcome (i.e., lower short term mortality and
improved survival)  [43-45]. Annual hospital volume can be low in Western
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countries because of the relatively low incidence of gastric cancer. Centralization
of care can be implemented in an effort to increase hospital volume in selected
centers, although until now the optimal or minimal number of procedures has not
been clearly defined. 
Clinical audit is regarded as an important tool to assess quality of care and to help
identify factors that require improvement. They also provide unique, uniformly
collected datasets for research. An example of results from the Dutch Upper GI
Cancer Audit (DUCA) data is that a high lymph node yield (>25 nodes) is associated
with prolonged survival [46]. This study, including 3764 patients over an eight year
time span, is something that would have been impossible in a Western single
centre study. 
Similarly interesting, the American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP) showed that complication rates did not vary
much between hospitals, but their mortality rates did. This was largely attributed
to the fact that the chance of death after major complications significantly varied.
This concept is called failure to rescue. This indicates that timely recognition and
treatment of complications deserves greater attention [47]. These findings
underline the importance of clinical auditing.

Predictors for adverse postoperative outcome
In order to improve surgical risk assessment in gastric cancer patients, predictors
for adverse outcome can help us identify high-risk patients. This can in turn
improve clinical decision making by doctors and shared decision making between
doctors and patients. Part two of this thesis deals with several of these. 

Geriatric frailty

Our society is ageing and health care professionals are confronted with elderly
patients on a daily basis. This is especially true for Western gastric cancer patients.
It is almost axiomatic that a patient's chronological age is only a number and does
not correspond to his biological age. However, it remains a challenge to determine
or estimate a patient's biological age. Geriatric frailty by definition is a measure of
a patient's increased vulnerability towards stressors (e.g., surgery) in older
individuals, leading to increased risk of developing adverse health outcomes. 
In chapter three a retrospective study is presented that shows that geriatric frailty
assessment by using the Groningen Frailty Indicator (GFI) can be used to identify
high risk patients. Patients with higher GFI scores (i.e., ≥3) had significantly more
in-hospital mortality and serious adverse events, i.e., mortality rate and serious
adverse event rate. Furthermore, these findings were independent from other
known factors such as ASA classification, age and disease stage. 
These findings are in line with other studies and the emerging field of geriatric
surgery. Earlier studies published showed that frailty is a good predictor for
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outcome in surgical patients, far better than age or comorbidities alone [9, 10, 12,
48]. 
One of the major challenges of geriatric frailty is that there is no universal way to
measure it. Different methods have been used in other studies. For example,
increased risk of complications and increased length of hospitalization was
observed in patients with higher scores on the Edmonton Frail Scale [9]. 
In another study several markers for geriatric frailty were used (e.g. age, cognitive
function, poor nutritional status, falls, depressed mood and anemia) and showed
more 6-month postoperative mortality in patients undergoing major surgery [10].
These markers were assessed using tests such as Mini-Cog 6, laboratory
measurement (i.e. hematocrit and serum albumin levels) and KATZ-score for
independence of activities of daily living. In another study Fried's frailty was used
with questionnaires, grip-strength measurement and timed five meter walk test.
It showed that frail patients have increased complications, increased length of
hospital stay and are more likely to be discharged to a assisted living facility [12].
So the methods for assessing frailty are diverse in these studies. They include:
questionnaires, history taking, laboratory tests, grip strength measurement and
timed get-up-and-go tests. These can be cumbersome and time consuming. This
in turn often means that doctors or trained nursing staff have to be allocated for
these tasks which is resource consuming. 
Questionnaires offer a low-cost, low-resource consuming method for estimating
the level of frailty in patients. For geriatric frailty multiple questionnaires exist with
different performances [49]. The study in chapter three performed geriatric frailty
assessment using only a questionnaire.

Nutritional status

The second item chapter three deals with is nutritional status. In this retrospective
study nutritional status was estimated by using a short questionnaire. The Short
Nutritional Assessment Questionnaire (SNAQ) is originally designed as a screening
tool. Inadequate nutritional intake is a known risk factor for impaired outcome
after surgery [14]. Additionally, the lack of adequate nutritional intake is often
compromised in upper-gastrointestinal malignancies such as gastric cancer.
In chapter three it is shown that high scores on the SNAQ, i.e., patients at risk of
malnutrition, is associated with impaired outcome. Patients with one or more
points had a significantly increased mortality rate over patients who score zero.
These patients also had an increased length of stay and a higher six-month
mortality. 
This shows that questionnaires that screen for malnutrition also might be able to
identify high risk patients with regards to adverse postoperative outcome. It is
unsure however if correction of nutritional imbalance completely reverses the
deleterious effects of malnutrition.
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Body composition measurements: sarcopenia

In the search for indicators of patients' vulnerability to stressors, body composition
measurements have been proposed. Low skeletal muscle mass and visceral obesity
have been reported [16, 17, 50]. Sarcopenia is a syndrome characterized by low
muscle mass and either decreased muscle strength or low physical performance
[51]. In addition, sarcopenia can be present in obese patients which is called
sarcopenic obesity [51]. The estimated prevalence of sarcopenia worldwide is
approximately 10% in adults over 60 years of age [52]. 
Sarcopenia has been associated with negative effects on outcome after several
types of surgery for cancer including liver, pancreatic and colorectal [16, 17, 53]. In
chapter four a study is presented which investigated sarcopenia, or rather low
muscle mass, as a predictor of adverse outcome.
The main conclusion from this chapter is that sarcopenia is highly prevalent in
gastric cancer surgery patients. Of all patients nearly 60% were classified as
sarcopenic. This was clearly higher compared to other studies that used a similar
method for determining sarcopenia. These studies report a prevalence between
15% and 50% [16-18, 53-56].
Contrary to other studies the study in chapter four did not find that sarcopenic
patients were more at risk for short term morbidity and mortality. However, not
all previously published studies show an unequivocal relationship between
sarcopenia and adverse outcome.  In one study a significant increase in major
complications was seen in women after radical cystectomy for bladder cancer but
not in men [56]. Another study also did not show an association between
sarcopenia and complications, disease free survival or overall survival in patients
undergoing surgery for colorectal liver metastases [57]. 
The high rate of sarcopenia found in gastric cancer patients is likely to be explained
by a combination of factors that contribute to sarcopenia and are likely to be found
in gastric cancer patients. Decreased activity, declined nutritional and protein
intake, and higher age probably result in the high rate of sarcopenia seen in gastric
cancer patients.
It remains to be clarified how the difference in the effect  of sarcopenia on
postoperative outcome between gastric cancer patients and other gastrointestinal
malignancies can be explained. One might postulate that the majority of gastric
cancer patients have such a high degree of malnutrition and energy depletion that
the presence of sarcopenia does not have a measurable effect in this population.
After the study in chapter four more studies have been published on this subject.
All these studies are Asian studies and all report relatively low rates of sarcopenia
[58-60].

In conclusion, chapter three and four show that frailty and nutritional status,
assessed using questionnaires, provide a low-cost, low-resource consuming
method for identifying high-risk patients. Also, sarcopenia is highly prevalent in
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patients undergoing surgery for gastric cancer. However, sarcopenia was not
associated with worse outcome after surgery. These findings underline the
importance of geriatric frailty and nutritional status assessment in the preoperative
work-up of gastric cancer patients. It also offers information for better clinical
decision making and improved shared decision making. Lastly it indicates that
gastric cancer patients probably have undergone a long deterioration process even
before they present themselves in the outpatient clinic or on the operating table. 

Potential clinical implications
These studies show that frail patients and patients with compromised nutritional
intake are at an increased risk of severe complications and mortality after surgery
for gastric cancer. Importantly, questions can be raised as to how this information
could and should be used.
Firstly, it can be used as an important piece of information in preoperative clinical
decision-making and patients counseling. As gastric cancer is predominantly a
disease of the elderly, survival might not be the ultimate goal in every patient and
therefore should not always be the goal of treatment. Patients may regard optimal
quality of life as their personal goal of treatment for instance. Each patient and
their family should be able to make their own treatment decisions. This means that
improved individualized risk assessment using frailty and nutritional status can
provide patients with more information on which to base their choices in
treatment. 
Increased risks as assessed by frailty and nutritional status should not be used to
exclude patients from surgical treatment. Rather, it should be used to inform
patients of their potential increased risk and then they can decide for themselves
whether they are willing to take those risks. 
On the other hand improved risk identification can possibly help guide efforts to
reverse or minimize risks by implementing interventions. An example is
preoperative optimization of nutritional status by offering support of dietician and
supplementary enteral of parenteral nutrition. There is no strong evidence that
shows a complete reversal of the deleterious effects of malnutrition on
postoperative risks by providing supplementary nutrition. It remains a challenge
to use the results of risk assessment studies. Moreover, it may not always lead to
interventions that can effectively mitigate those risks. 
There are more difficulties to overcome when deciding on preoperative
intervention. For instance, development of sarcopenia in a patient has been taking
place over time. Trying to reverse its effects could be achieved by nutritional- and
exercise therapy. However, it takes time to replenish nutrient deficiencies and build
up new muscle mass. It should be considered that preoperative interventions, such
as nutritional- and exercise therapy, may delay the time between diagnosis and
surgery. Although no clear evidence exists that shows an adverse effect of
treatment delay on survival [63-65]. Treatment delay can however have a clear

Chapter 7.

120



negative impact on Quality of Life and emotional stress in cancer patients [66]. In
some cases postponing definitive treatment is not even possible. For instance,
patients with obstructive symptoms or bleeding from the tumor should be treated
promptly. This means that increasing time to definitive treatment has to be
balanced between expected positive impact of preoperative interventions and
potential adverse effects.
To summarize, identifying frailty is a good way to improve clinical decision-making.
Moreover, physician have more information to provide to patients and families for
a well informed consent. Future studies need to focus on whether all risks that can
be identified can be reversed. This might not be the case with frailty or sarcopenia.
The time that some interventions take to have a positive impact provides an added
challenge. Increased time to definitive treatment might not always be possible or
desirable. Therefore, more clinical studies are needed to investigate whether these
risks can be improved by for instance nutritional intervention and exercise.
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Introduction of laparoscopic surgery for gastric cancer

New procedures and techniques should first and foremost provide a health care
improvement for the patient. This can be diverse, such as: less pain, faster
recovery, shorter length of hospital stay, increased survival and so forth. However,
with expanding health care costs new procedures and techniques are under
increased scrutiny and will not only be judged on their merits with regards to
patient care but also on their financial impact. Governmental organizations and
health insurance companies have a major and increasing influence on the
regulation of costs in healthcare.
Chapter five provides a prospective study that evaluates the costs of the
introduction of a laparoscopic surgery program for gastric cancer in a Western
community training hospital. This study takes into account hospital related costs.
These were calculated as the sum of operating theatre costs and costs of length
of hospital stay. Theatre costs were calculated by the time the operating room
was occupied and its associated costs and the costs of instruments used (both
disposable and reusable). Hospital stay costs were calculated separately for the
general ward and the more expensive Intensive Care Unit (ICU) stay.
Results showed that for laparoscopic surgery the operation itself was more
expensive due to longer operating theatre occupation time and more expensive
surgical instruments compared to open procedures. However overall costs were
similar due to shorter length of stay and less (and less lengthy) ICU stay in the
laparoscopic group. 
This study was performed during the introduction of the laparoscopic technique
for gastrectomy for cancer. With more experience the duration of surgery is
expected to decline. Nevertheless, a longer operating time is expected to remain
for laparoscopic surgery as is seen in several meta-analyses [24, 67, 68]. 
One of the main advantages of laparoscopic surgery for gastric cancer in previous
studies is its positive effect on postoperative recovery and therefore hospital stay
[24, 68]. Despite more costs related to the surgical procedure itself, overall costs
were similar due to decreased hospital stay and fewer complications. This
reduction in complications is also seen in other studies [24, 68]. 
It must be noted that the reported benefits of laparoscopic surgery are mostly
based on data from patients with early gastric cancer and data mainly from Eastern
populations. It is well known that major differences exist between treatment and
outcome of Eastern and Western patients [69]. 
Therefore it cannot be extrapolated that improved outcome in Eastern patients
will have the same effect size in Western patients. Large randomized controlled
trials are currently being conducted in order to evaluate the effects of the
laparoscopic approach for gastric cancer in Western patients. Moreover, costs and
benefits of this approach should be evaluated as a cost-effectiveness analysis
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rather than just hospital related costs. However, data from chapter five may help
persuade management in other hospitals to implement this new technique.

Health Related Quality of Life after gastric cancer surgery

Most research deals with improving outcomes such as complications, length of
hospital stay, mortality and long-term survival. With improvements in these
regards, insight in the effect of disease and its treatment on quality of life is
becoming more and more important. Part four of this thesis deals with quality of
life after gastric cancer surgery and factors that influence quality of life.  
Gastric cancer surgery is associated with a number of complaints that can
potentially have a major impact on quality of life, which include: loss of appetite,
early satiety, reflux, dysphagia, nausea and change of stools [70]. This underlines
the importance of evaluating the effect of gastric cancer treatment, especially
surgical treatment, on Heal-Related Quality of Life (HRQoL). A better knowledge
of HRQoL after gastric cancer surgery can provide useful information to physicians
and patients on (long-term) risks and benefits of treatment.
HRQoL is an indication of a patient's wellbeing affected by disease and is rapidly
becoming one of the more important outcome measurements in cancer
treatment. Evaluation of HRQoL is multidimensional and encompasses physical,
medical, psychological and social parameters secondary to a disease and its
treatment. 
The study presented in chapter six provides a cross-sectional multicentre study on
HRQoL in patients who survived after gastrectomy for gastric cancer compared
to a general Dutch reference population. Also factors that influenced HRQoL were
analyzed. The most important findings were that compared to a general
population, patients experience more functional complaints and more symptoms.
However, global HRQoL of gastrectomy patients was only slightly lower. The
difference was so low that it might even be interpreted as a clinically insignificant
difference. The study has some inherent limitation due to its cross-sectional design
and presence of confounding factors. 
In this study correlation between time after surgery and HRQoL was not found
and might indicate that HRQoL remains stable after surgery. The other important
finding was that subtotal gastrectomy and the ability to receive neoadjuvant
chemotherapy was associated with higher global HRQoL. Minimally invasive
surgery was also associated with better functional and symptom scores. 
Other studies to date have been mostly in Asian populations. As mentioned
previously, there are important differences between Eastern and Western gastric
cancer patients and their treatment [71-73]. One other Western study also found
profound impact on HRQoL immediately after surgery and showed some
improvement over the next six months [74]. In this prospective study only 86 out
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of 134 patients completed total follow-up. The study in chapter six included all
known disease-free patients and did not exclude patients on any other grounds
and therefore may better represent a typical Western gastric cancer surgical
population.
Even though gastric cancer patients experience more symptoms, their overall
HRQoL is similar to healthy control participants, which is something that is also
seen in other studies. This has also been observed in patients who underwent
esophagectomy and after breast cancer surgery [75, 76]. This shows that despite
having lived through cancer and its treatment patients can attain high life
satisfaction despite having functional limitations or significant symptoms. 
Reconceptualization can help explain this relatively high life satisfaction despite
significant impairments. This entails that a person's internal reference point for
well-being, which is important for the evaluation of HRQoL, is adjusted due to
certain circumstances. This means that even though there are measurable
impairments in different areas of life, overall HRQoL is determined by other factors
and can because of that be comparable to the general population. An example of
this from another study is that it is even possible to find higher global HRQoL in
patients who underwent distal gastrectomy [72]. These patients, who underwent
partial gastrectomy for cancer, also experienced more symptoms but had higher
global HRQoL than a reference population [72].
In the study presented in chapter six benefits were found for minimally invasive
surgery. This was also observed in an Asian randomized controlled trial comparing
open and laparoscopy-assisted distal gastrectomy for gastric cancer [71]. Better
results were reported with regards to physical functioning and certain symptoms
(e.g., fatigue) [71]. Other factors that were associated with better HRQoL were
partial gastrectomy and neadjuvant treatment. An important contributing factor
may be the fact that partial gastrectomy is a less extensive surgical procedure,
including less extensive lymphadenectomy. Hereby, a part of the stomach remains
in the patient and has a residual function. This might explain why these patients
perform better on several domains compared to total gastrectomy patients, which
is also found in other studies [73, 77]. 
Neoadjuvant chemotherapy treatment was observed to be associated with better
HRQoL. Most likely this is not directly related to chemotherapy itself. Evidence
suggests that neoadjuvant treatment decreases physical fitness of patients [78].
Rather, the fact that these patient were physically fit enough to receive
neoadjuvant treatment is probably the explanation why these patients perform
better on HRQoL compared to patients who were not. 
The main conclusion of chapter six is that gastric cancer surgery patients report
more significant symptoms and impaired functioning after surgery. However, their
global HRQoL is similar to a general reference population. These results may be
helpful in clinical decision-making and can improve a patient's informed consent. 
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Future perspectives

As outlined previously many advances have been made in the field of gastric cancer
surgery on a preoperative, intraoperative, postoperative and organizational level.
Nonetheless, more progress is to be made and a few options for this are outlined
below. 
More studies have to determine optimal evaluation methods for geriatric frailty,
malnutrition, comorbidities and sarcopenia. Also their place in preoperative risk
assessment of gastric cancer patients has to be further evaluated. 
Frailty, sarcopenia and body composition measurements are relatively new in
surgery. To further innovation, tools need to be developed that are optimized for
surgical patients. Ideally they reliably identify high-risk patients, are fast and easy
to administer, and offer points on which to intervene in order to improve outcome. 
A screening tool that can be administered without requiring a healthcare provider
and gives automated results would be advantageous. This could take the shape
of a digital questionnaire for instance. It might be an issue that gastric cancer
patients are often elderly. However, there are several important reasons why
digital tools can prove to be more advantageous over paper or orally administered
questionnaires. Development of such tolls will take time and people, including
elderly, are getting more used to digital media as time goes by. Secondly, digitally
administered tests can include questions combined with functional measurements.
An idea could be to build in a component that measures slowness (a frailty
component) for instance, which would be relatively easy. A five-second maximum
spacebar pressing test might be used analogous to a 5-meter walking test for
instance. Also, cognitive tests can be more easily administered digitally, which
would otherwise require a trained professional. Memory, attention and executive
functions tests are hard to reliably test in the absence of a trained observer, but
more easy when computer based tests are used. 
Third, in a clinical setting time is a highly valuable commodity. So in questionnaires
and clinical tests the time investment should be kept to a minimum. However,
when patients take their tests at home this constraint no longer applies as strictly.
Admittedly, overly long tests will be difficult to complete and can therefore
produce unreliable results.
As stated earlier with respect to frailty and sarcopenia, more research is needed
to minimize the risks for gastric cancer surgery. Prehabilitation, whereby a patients
complete an exercise program to improve their cardiovascular, pulmonary and
muscular condition prior to surgery. This is an area of research that might have
great potential. Prehabilitation is a relatively new strategy used in medicine aimed
to improve outcome for patients and could have promising potential for gastric
cancer patients. It is a fact that after surgery patients lose general function in part
due to loss of muscle mass. The goal is to improve physical fitness of patients prior
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to surgery so that the impact of surgery is counteracted and patients do not drop
below the level of functioning prior to the start of the prehabilitation program. 
Gastric cancer patients would therefore have to be prepared for surgery by
nutritional support and exercise therapy to optimize their nutritional and physical
condition preoperatively. This may positively impact outcome by potentially
improving the ability of patients to tolerate surgery and potential complications. 
Prehabilitation usually comprises physiotherapy and nutritional support, but can
potentially be expanded to psychological support and counseling.  Importantly,
this should be a multidisciplinary effort.  Specifically in gastric cancer patients a
prehabilitation program may halt further deterioration before surgery. This,
sometimes rapid, deterioration can be due to impaired nutritional intake.
One of the key elements but potential stumbling block for prehabilitation is timing.
Ideally prehabilitation programs should have enough time to establish an effect
and improve overall physical fitness, and this takes time. On the other hand, delay
in treatment can have an unfavorable influence on long-term outcome. So for
gastric cancer patients, and obviously other gastrointestinal malignancies, a
balance will have to be achieved between the two. 
Prehabilitation will have to prove its merits in gastric cancer patients. In Enhanced
Recovery after Surgery (ERAS) programs the resulting improvement of a
multimodal program proved to be greater than the sum of its parts. Research is
needed to investigate whether this also is true for prehabilitation. If it is proved
to be effective, prehabilitation can potentially have a large impact on the treatment
program for gastric cancer patients. It will then also affect a multitude of
stakeholders in the care for gastric cancer patients including physiotherapists,
dieticians, psychologists, healthcare managers and health insurance providers. 
Concerning the minimally invasive approach in gastric cancer management, it is
expected from the results of the current randomized controlled trials to determine
the benefits of laparoscopic surgery for Western gastric cancer patients. These
randomized controlled trials hopefully will provide results that may help determine
whether broad implementation of this approach is to be advised to improve
patients' outcome [30, 31, 79]. 
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Introductie

De introductie zal u van basisinformatie van maagkanker voorzien evenals de
concepten die in dit boek aan de orde komen introduceren. 

Maagkanker is een van de meest voorkomende oorzaken voor kankergerelateerde
sterfte wereldwijd. In 2012 waren er wereldwijd naar schatting 951.600 nieuwe
gevallen en 723.100 overlijdens ten gevolge van maagkanker [1]. Tussen Westerse
en Oosterse landen bestaan er wereldwijd grote verschillen.  De incidentie van
maagkanker is het hoogst in Japan en Korea met respectievelijk een incidentie van
66,7/100.000 en 64,6/100.000. Dit is een groot verschil met de veel lagere incidentie
in Nederland (9,3/100.000), het Verenigd Koninkrijk (8,9/100.000) en de Verenigde
Staten (5,3/100.000) [1]. 

Maagkankerchirurgie

Chirurgie is de enige behandeling die genezing of langdurige overleving kan bieden
voor maagkankerpatiënten. In Westerse landen wordt maagkanker helaas pas
vaak in een laat stadium gediagnosticeerd. Hierdoor is chirurgie bij veel patiënten
geen optie meer. In 2015 werden in de Nederlandse landelijke kankerregistratie
1165 nieuwe gevallen van maagkanker geregistreerd. In datzelfde jaar ondergingen
428 patiënten een operatie vanwege maagkanker volgens de data van de Dutch
Upper GI Cancer Audit (DUCA) [2, 3]. 

Maagkankerchirurgie wordt gezien als hoogrisico chirurgie, omdat het gepaard
gaat met significante morbiditeit (complicaties) en mortaliteit (overlijden).
Morbiditeit wordt veroorzaakt door zowel de operatie als door complicaties die
kunnen optreden. In de V.S. en Europa variëren de gerapporteerde 30-dagen
sterftecijfers van zo'n 3,5% tot 6,9% [4, 5]. Ernstige complicaties die kunnen
optreden na maagresectie zijn: naadlekkage, naadstenose (vernauwing), bloeding,
intra-abdominaal abces, wondproblemen (o.a. infectie) en pulmonale complicaties
(met name pneumonie oftewel longontsteking). De mate waarin ernstige
complicaties optreden verschilt ook met Oosterse landen. Van een relatief laag
percentage van 17,4% in een Koreaanse studie en 36% na totale maagresectie in
een landelijke studie in de Verenigde Staten [4, 6].
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Voedingsstatus

Door de aard en de locatie van de tumor is er een aanzienlijk risico op
ondervoeding bij maagkankerpatiënten. Zo hebben 30 tot 38% van
maagkankerpatiënten >10% gewichtsverlies in de laatste zes maanden voor
diagnose [7]. Ondervoeding is belangrijk omdat het een negatief effect heeft op
morbiditeit en mortaliteit na maagkankerchirurgie [8]. Neoadjuvante
chemotherapie, chemotherapie gegeven voor de operatie, kan de metabole- en
voedingsstatus van patiënten potentieel nog verder verslechteren [9]. Daarom is
screenen, detecteren en behandelen van ondervoeding bij maagkankerpatiënten
van belang. 

Geriatrische frailty

Geriatrische frailty, oftewel mate van kwetsbaarheid bij ouderen, is een relatief
nieuw concept binnen de chirurgie. Het wordt gedefinieerd als een toestand van
verhoogde kwetsbaarheid voor stressoren (invloeden van buitenaf) in oudere
individuen die leidt tot een verhoogd risico op ongunstige
gezondheidsconsequenties. Het is een klinisch syndroom dat door Fried et al.
gekenmerkt wordt door de aanwezigheid van drie van de volgende vijf kenmerken:
ongewenst gewichtsverlies, zelfgerapporteerde vermoeidheid, verminderde
spierkracht (knijpkracht), vertraagde loopsnelheid en verminderde fysieke
activiteit [10]. Geriatrische frailty wordt inmiddels herkend als een risicofactor voor
slechtere uitkomsten na chirurgie. Het is een opkomende methode om risico's in
te schatten met een groeiende wetenschappelijk ondersteunde basis [11-14]. 

Sarcopenie

Sarcopenie is een syndroom dat gekarakteriseerd wordt door het verlies van
spiermassa en spierfunctie. Deze verandering in lichaamssamenstelling is in
recente jaren steeds meer onderzocht in chirurgische patiënten als voorspeller
voor ongunstige uitkomsten. Zo is sarcopenie geassocieerd met slechte korte en
lange termijn uitkomsten na pancreas- (alvleesklier-) en leverchirurgie [15-17]. 

Doelen van dit proefschrift

Het eerste doel van dit proefschrift is een overzicht geven van de literatuur dat
inzicht geeft in de vooruitgang die geboekt is in de zorg rondom
maagkankerchirurgie. Deel één van dit proefschrift zal een overzicht geven van de
vooruitgang en vernieuwingen in het intra-operatieve en postoperatieve traject
alsmede vooruitgang in de regionale organisatie van maagkankerchirurgie. 
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Het tweede doel van dit proefschrift is gericht op het onderzoeken van factoren
die mogelijk nuttig kunnen zijn in het beter voorspellen van complicaties en
mortaliteit door chirurgie. In deel twee van dit proefschrift zijn twee studies
opgenomen. Zij kijken naar geriatrische frailty, voedingsstatus en sarcopenie als
mogelijke voorspellers voor problemen na maagkankerchirurgie. 
Introductie van nieuwe technieken leidt onvermijdelijk tot een vergelijking met de
traditionele aanpak. Het doel van deel drie van dit proefschrift is het vergelijken
van laparoscopische maagresectie met traditionele open maagresectie waarbij de
twee technieken op het gebied van kosten met elkaar vergeleken zullen worden. 
Het laatste doel van dit proefschrift is inzicht krijgen in de impact van
maagkankerchirurgie op de kwaliteit van leven van patiënten, dit vormt deel vier. 

Deel 1. Vooruitgang en innovatie in maagkankerchirurgie

Met betrekking tot maagkankerchirurgie is er de laatste jaren het een en ander
gebeurd om de uitkomsten voor patiënten te verbeteren. In hoofdstuk 2 van dit
proefschrift is een overzicht gegeven van een aantal van deze verbeteringen. Deze
hebben betrekking op de chirurgische aspecten van maagkanker behandeling.
Daarmee vallen een paar van de meest belangrijke verbeteringen in recente jaren
buiten beschouwing van dit proefschrift. Misschien wel de meest belangrijke zijn
de resultaten van perioperatieve chemotherapie in het verbeteren van de
overlevingskansen van maagkankerpatiënten.

Bij het bespreken van een grote operatie zoals een maagresectie, is een inschatting
van de risico's en afweging ten opzichte van de voordelen erg belangrijk. Risico's
inschatten is erg lastig. Dus om chirurgische zorg te verbeteren zou het goed zijn
om ons vermogen om risico's in te schatten te verbeteren. De ASA-physical status,
Charlson Comorbidity Index (CCI) zijn voorbeelden van classificaties die voor risico-
inschatting gebruikt kunnen worden. Hogere scores zijn gerelateerd aan hogere
operatierisico's. Leeftijd op zichzelf moet geen factor zijn waarop beslissingen
gebaseerd worden. Comorbiditeit en algemene fysieke conditie zijn veel
belangrijker zoals ook uit de volgende delen in dit proefschrift zal blijken. Verdere
verbetering van risico-inschatting is mogelijk door het gebruiken van
voedingsstatus en geriatrische frailty in de preoperatieve beoordeling van de
patiënten. 

De stadiëringslaparoscopie met spoelvocht cytologie is ingevoerd om peritoneale
metastasen (buikvlies uitzaaiingen) veel beter te kunnen detecteren.
Laparoscopische chirurgie, ook wel kijkoperatie genoemd, behoort inmiddels tot
de standaardbehandeling in veel onderdelen van de chirurgie. Studies,
voornamelijk in Azië uitgevoerd, hebben aangetoond dat laparoscopische chirurgie
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bij maagkankerpatiënten gepaard gaat met langere operatieduur, maar met
minder bloedverlies en sneller herstel van de patiënt.

Verder worden in hoofdstuk 2 de lymfklierdissectie, vroegtijdig herkennen en
behandelen van naadlekkages en organisatie van zorg door middel van
centralisatie en audits als belangrijke onderwerpen in de behandeling van
maagkankerpatiënten besproken. 

Deel 2. Risico-inschatting

In hoofdstuk drie van het proefschrift werd gekeken of geriatrische frailty en
voedingsstatus kunnen helpen bij het identificeren van patiënten met een
verhoogd risico op complicaties en overlijden. Dit werd met behulp van twee
vragenlijsten onderzocht. Resultaten lieten zien dat van de patiënten met drie of
meer punten op de geriatrische frailty vragenlijst, 23,3% overleed binnen een
maand na de operatie ten opzichte van 5,2% van de patiënten met een lagere score.
Een vergelijkbaar resultaat werd gevonden met betrekking tot ondervoede
patiënten. Van de patiënten die geen risico op ondervoeding hadden, dus nul
punten op de voedingsvragenlijst overleed slechts 3,2% binnen een maand. Bij
patiënten die wel een risico op ondervoeding hadden en dus één of meer punt op
de vragenlijst hadden gescoord overleed 13,3% binnen een maand aan complicaties. 
Deze resultaten bleken los van leeftijd en kankerstadium belangrijke voorspellers
te zijn voor complicaties en overlijden na een maagkankeroperatie. Dit kan helpen
bij het beter inschatten van patiënten en ze daarmee ook beter voor te lichten. 

In hoofdstuk vier van dit proefschrift is een studie gepresenteerd die met behulp
van CT-scan beelden verlies van spiermassa, oftewel sarcopenie, in kaart heeft
gebracht bij maagkankerpatiënten. Het doel van deze studie was ten eerste te
analyseren hoe vaak verlies van spiermassa, sarcopenie, bij maagkankerpatiënten
voorkomt. Daarnaast werd gekeken of sarcopenie ook als voorspeller voor
overlijden of complicaties gebruikt zou kunnen worden. Uit de gegevens van deze
studie bleek dat sarcopenie veel voorkomt bij maagkankerpatiënten, maar liefst
in 57,7% van de patiënten. Dit is veel hoger in vergelijking van andere
patiëntgroepen bijvoorbeeld patiënten met dikkedarmkanker of
leverkankerpatiënten.
In deze studie in hoofdstuk vier werd geen verschil gezien in complicaties of
overlijden na maagkankerchirurgie tussen patiënten die sarcopenie hadden en
patiënten met een normale spiermassa. Hieruit kon dus niet geconcludeerd
worden dat sarcopenie een goede voorspeller is voor complicaties.
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Deel 3. Laparoscopie en kosten

Om de gezondheidszorg op de lange termijn toegankelijk te houden is het
belangrijk dat kosten beheersbaar blijven. Daarom is het bij introductie van nieuwe
technieken van belang deze af te zetten tegen de oude manier. De gedachte dat
iets nieuws vaak ook betekent dat het duurder is, kan soms een drempel vormen.
Het doel is om voor de patiënt een voordeel te bieden en daarbij liever niet (veel)
duurder uit te zijn. Laparoscopische chirurgie, kijkoperatietechniek, poogt dit te
doen. Alhoewel het voordeel hiervan bij Westerse maagkankerpatiënten nog niet
onomstotelijk vast staat zoals uit deel één bleek is dit wel aannemelijk. Hoofdstuk
vijf beschrijft een studie waarbij de kosten geanalyseerd zijn tijdens de introductie
van laparoscopie voor maagkanker.
De belangrijkste resultaten van de eerste 52 laparoscopische ingrepen waren als
volgt. De operatie zelf, met andere woorden het gebruik van materialen en
operatiekamerbezetting, is bij laparoscopie aanzienlijk duurder dan bij een
klassieke open operatie. Dit kwam vooral door de langere operatieduur en meer
gebruik van relatief dure wegwerpmaterialen bij laparoscopie. Echter, er waren
minder kosten aan de opname in het ziekenhuis verbonden door een kortere
opnameduur en minder ligdagen op de Intensive Care bij de laparoscopisch
geopereerde patiënten. Hierdoor waren de totale kosten vergelijkbaar tussen de
laparoscopisch en open geopereerde patiënten. Bovendien herstelden
laparoscopisch geopereerde patiënten sneller en hadden zij over het algemeen
minder complicaties. 

Deel 4. Kwaliteit van leven

De studie in hoofdstuk zes van dit proefschrift heeft in zeven Nederlandse
ziekenhuizen alle aan maagkanker geopereerde en overlevende patiënten
geïdentificeerd. Aan deze 274 patiënten werden een tweetal vragenlijsten
opgestuurd over hun kwaliteit van leven. Hiervan stuurde 222 (81%) de vragenlijsten
ingevuld terug. 
De eerste vragenlijst betrof de algemene kwaliteit van leven vragen. Deze
zogenaamde European Organization for Research and Treatment of Cancer
(EORTC) QLQ-C30 vragenlijst is ook in een gezonde populatie afgenomen door een
andere studiegroep. Hierdoor konden de resultaten van de maagkankerpatiënten
met de resultaten van deze gezonde mensen vergeleken worden. De andere
vragenlijst die afgenomen werd was EORTC QLQ-STO22 en deze vragenlijst bevat
ook vragen over maagkanker specifieke klachten. 
Zoals te verwachten lieten de uitkomsten zien dat de maagkankerpatiënten meer
klachten ervaren dan gezonde personen. Vooral in functionele schalen zoals fysiek,

Nederlandse samenvatting

138



cognitief- en sociaal functioneren. Opvallend is dat maagkankerpatiënten hun
globale kwaliteit van leven helemaal niet veel slechter beoordelen dan gezonde
personen. 
Dit fenomeen wordt reconceptualisatie genoemd en dit ziet men ook in andere
populaties van patiënten die kanker hebben overleefd. Hierbij stelt men zijn
referentiekader bij met als gevolg dat ondanks de aanwezigheid van symptomen
men toch een redelijk hoge mate van algehele tevredenheid ervaart, men neemt
de klachten als het ware voor lief.

Discussie en toekomstperspectieven

Maagkanker is een ziekte die vooral oudere patiënten treft. Omdat ouderen vaak
meer kwetsbaar zijn, is het van belang in te kunnen schatten hoe kwetsbaar ze
zijn. Studies die hier gepresenteerd zijn hebben laten zien dat geriatrische frailty
(kwetsbaarheid bij ouderen), voedingsstatus en spiermetingen goed mogelijk zijn.
De belangrijke vraag is hoe we deze informatie moeten gebruiken. 
Als een operatie zeer risicovol blijkt, dan is de vraag of een dergelijke operatie de
beste oplossing is voor het probleem van de patiënt. Daarom zal informatie van
risico-inschatting gebruikt kunnen worden om in sommige gevallen af te zien van
operatief ingrijpen. In zulke situaties is zorg gericht op symptoombestrijding
mogelijk beter. 
Daarnaast geeft risico-inschatting waardevolle aanvullende informatie die gebruikt
kan worden om patiënten beter te informeren. Met name over de ingreep, wat
hen te wachten staat en welke risico's er aan zijn verbonden. Overleving is vaak
de hoofduitkomst van wetenschappelijke studies, echter dit is voor patiënten niet
altijd het belangrijkste doel van behandeling. Behoud of verbetering van kwaliteit
van leven kan vanuit de patiënt gezien een veel belangrijker doel van behandeling
zijn. Verbetering in risico-inschatting gericht op de individuele patiënt en daarmee
verbeterde informatievoorziening moet ervoor zorgen dat de patiënten
behandelkeuzes kunnen maken gericht op wat zij belangrijk vinden in hun leven. 
De derde manier waarop risico-inschatting informatie gebruikt kan worden, is om
aangrijpingspunten te identificeren waarop voor de operatie ingegrepen kan
worden om risico's te verminderen. Dat wil zeggen of bepaalde risico's die gezien
worden teruggedraaid kunnen worden. Neem bijvoorbeeld de voedingsstatus. Bij
een ondervoede patiënt is het raadzaam om de voedingsstatus te verbeteren met
bijvoeding voor de operatie. 
Toekomstige studies zullen zich erop moeten richten om nog beter en het liefst
ook gemakkelijker kwetsbaarheid van patiënten in te schatten. Het identificeren
van punten waarop ingegrepen kan worden om risico's te verkleinen is ook van
belang. De tijd die interventies nodig hebben om een effect te hebben zorgen
echter voor een extra uitdaging. Wanneer men bij een patiënt met sarcopenie eerst
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spiermassa zou willen opbouwen kost het tijd om dat doel te bereiken met sport
en dieetinterventies. Deze tijd die je nodig hebt resulteert wel in vertraging van
de behandeling (operatie). Vertraging in behandeling is ook niet wenselijk en
potentieel nadelig, daarom moeten effecten van eventuele interventies wel
opwegen tegen de mogelijke vertraging.
Prehabilitatie oftewel de patiënt trainen voor een operatie, zowel fysiek als
mentaal, klinkt als een potentieel veelbelovende strategie. Het idee is om de
patiënt op een fysiek en mentaal hoger niveau te krijgen om zo beter bestand te
zijn tegen de aanslag op het lichaam, die de operatie en eventuele complicaties
zijn. Een belangrijke uitdaging en mogelijk struikelblok zal timing zijn.

Conclusie

In het kort zijn er de laatste jaren veel onderzoeken verschenen die verbetering in
de chirurgische zorg van maagkanker hebben laten zien. Daarnaast lijken
geriatrische frailty (kwetsbaarheid) en voedingsstatus goed bruikbaar te zijn  als
voorspellers voor slechtere uitkomsten na maagkankerchirurgie. Sarcopenie
oftewel spierverlies komt vaak voor bij Westerse maagkankerpatiënten, maar lijkt
niet voorspellend te zijn voor slechtere korte termijn uitkomsten. Laparoscopie
(kijkoperaties) voor maagkanker lijkt in eerste instantie niet perse duurder te zijn
dan open chirurgie als gekeken wordt naar kosten van operatiemateriaal en
ziekenhuisopname. Ten slotte waarderen de overlevende maagkankerpatiënten
hun algehele kwaliteit van leven niet slechter dan die van een gezonde
vergelijkbare populatie Nederlanders. Ondanks dat maagkankerpatiënten wel
degelijk klachten blijven ervaren, ook in de jaren na de operatie.
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Valorisation addendum

Introduction

In daily clinical activities decisions are largely governed by habits and previous
experiences, so we continue to solve the same problems with the same solutions
hopefully resulting in the same outcome or preferably better. The goal of medical
science is to improve outcome and to provide evidence to change our approach
in daily practice. But the magnitude of impact depends several factors. The
magnitude of the study, i.e., level of evidence, determined by size of study, quality
of the data acquisition and risk of bias for instance. And also how closely it relates
to daily practice. For example, laboratory studies and animal studies, which are
extremely important for understanding basic knowledge of health and disease.
They rarely have a significant direct impact on daily clinical practice because it many
steps need to be takes to introduce this knowledge in clinical practice. On the other
hand, large scale randomized controlled trials comparing two treatment strategies
have both magnitude as well as close relationship with daily practice. These can
therefore result in a change in daily practice sometimes soon after publication. 
So to translate these concepts to the studies presented in this thesis one might
say although this thesis is comprised of clinical studies, these studies are not very
large. Indeed, studies of up to 180 patients in a single center and more than 200
patients in a multi centre study may be relatively small statistically speaking. For
Western gastric cancer populations  however, these are of a fair size. Even more
so, magnitude of study results does not need to be singular and can be cumulative.
For example the growing number of studies that are published on, for instance,
geriatric frailty in surgical patients all add cumulatively to the total mass of the
evidence. This is also true for other concepts presented in this thesis (sarcopenia,
laparoscopic surgery and Quality of Life). To illustrate this one can type the
following search terms into the Pubmed search engine: "geriatric", "frailty" and
"surgery". This results in 'just' 335 hits, the first study dates from 1993 and the
authors call out for implementation of geriatric assessment. The next studies do
not appear until ten years later. After this a veritable explosion occurred of
increasing number of published articles on this subject occurs. 
The work in this thesis may not alter the daily practice in a groundbreaking way. It
did help on a smaller scale to improve the results of this single centre by reducing
the morbidity and mortality of gastric cancer surgery. Key concepts which are
important to the treatment of gastric cancer patients are highlighted in this thesis
and add to the already existing evidence that inevitably will affect treatment of
gastric cancer and perhaps other patients.
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Socioeconomic relevance

Medical studies, especially clinically focused studies, are inherently more broadly
relevant than just scientifically. They are of interest to daily clinical practice and to
patients, and by extension therefore of importance to their social network, the
population as a whole, health insurance providers and healthcare administrators. 

From a social and moral standpoint the question arises what level of risk is
acceptable to perform surgery? If one could be able to reliably identify high risk
patients, which level of risk would be considered too great to be acceptable? And
who is to decide this threshold? Is it patients themselves, medical professionals or
even health insurance providers? These questions are yet unanswered, but they
suggest that studies aimed to help identify patients who are at an increased risk
can potentially have far-reaching implications. For the moment frailty and
nutritional status help us identify patients who are at risk. This information can be
explained to patients and families and they can make treatment decisions together
with physicians. These decisions take more into account such as a person's own
frame of reference and other factors such as comorbidities. Perhaps in the future
when risk assessment tools further improve the medical profession and society in
general might have to deal with these, rather difficult, questions. 

With health care costs seemingly ever expanding, gaining more insight in cost
aspects of treatment is essential. This is not only to monitor costs but also to
identify points at which costs can be reduced without deleterious effects on
patient wellbeing or outcome. Managing costs is important to keep health care
affordable and ensure the stable safety net our current healthcare system
provides. The study in this thesis provides an insight into hospital related costs.
These might be especially important when planning to negotiate implementation
of laparoscopic surgery, which is discussed in the section below. This is because
laparoscopic surgery is more expensive but may lead to cost reduction in other
aspects of health care. On the other hand, more aspects come into play when
considering cost-effectiveness of treatment. This will have to be further explored
in other studies and will be a part of the Dutch LOGICA trial which compares open
versus laparoscopic surgery for gastric cancer in a randomized controlled trial. 
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Implementing current results

Frailty and nutritional status have shown to be important predictors of outcome
in a lot of studies. The difficulty is to determine in what way they should influence
decision making. That still has to be determined. What can be implemented is the
use of questionnaires to screen for elements of frailty and nutritional depletion.
They can be administered by health care professionals and supporting nursing
staff, but can also be administered on paper. This can also easily be performed
prior to outpatient clinic visits. Although fraught with some difficulty, especially in
elderly patients, these questionnaires can even be administered digitally either at
the clinic or at home. However this last option will probably often rely on support
from others and might therefore not always guarantee optimal results. 

The implementation of how the information is obtained as described above is one
aspect. The other important aspect of implementation is how this information
should be used. Based on current results from studies in this thesis and other
literature it is far too early to make treatment decisions based on frailty and
nutritional status. However, the results underline the importance of screening for
malnutrition and offering nutritional support when needed is paramount. Frailty
can based on these results ad to preoperative decision making and informed
consent. It can help identify high-risk patients and informing patients of these risks
can help them and their families to make better decisions for themselves. Some
patients might refrain from invasive surgery if it carries high risks and therefore
decide not to undergo a procedure. Others might choose to proceed with surgery
despite increased risk of adverse events, but their choice would be based on more
complete information.

It has not yet come to a stage where measuring muscle mass and sarcopenia
should be routinely performed on preoperative imaging. How sarcopenia impacts
clinical outcome and how it may influence daily practice should first be elucidated
further. However this thesis shows that the use of cheap open-source software
such as Osirix to assess sarcopenia and muscle mass is well suited for research
purposes. It is easy to use and has valid test characteristics (e.g., low inter-observer
variability) as shown in other studies.

The implementation of laparoscopic surgery is already increasing. Laparoscopic
surgery has been used as an approach for many surgically treatable diseases. After
increased usage in the East the West is now also increasingly using laparoscopic
surgery in gastric cancer patients. One major hurdle of implementing this new
technique is that aside from safety aspects, dealt with in numerous previous
studies, health-care administrators might be wary because of fears of increased
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costs. Hopefully this thesis provides some evidence that this is not necessarily the
case. There were no significant differences in costs between open and laparoscopic
surgery. Major difference was increased cost related to the surgery itself (e.g.,
operating room and material usage) but this was compensated by a reduction in
ICU and hospital stay resulting in similar overall costs. Although local prices and
costs vary and are often dependent on volume and negotiated pricing of products,
the general idea remains the same. New techniques do not always inherently
introduce more expenses.

Quality of life remains very important and is becoming more and more recognized
as an outcome parameter in recent years. The results from the study in this thesis
can most easily be implemented in daily practice in the information patients receive
regarding their surgical procedure. Gastric cancer surgery is intrinsically high risk
not only as far as complications are concerned but especially with its influence on
daily living.  For instance, change dietary habits will occur as the gastrointestinal
tract is altered by the surgery. Knowledge about the impact on daily living before
the operation will improve the understanding and acceptance by patients. Other
complaints such as pain, fatigue and dyspnoea may also be affected. An important
finding of the quality of life study presented in this thesis is the fact that despite
these complaints they tend to value their overall Quality of Life almost equal to
healthy people.
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Dankwoord

Dit werk is af, gelukkig! Een proefschrift voltooien is niet mogelijk zonder de hulp,
steun en inspanningen van talloze mensen om je heen. Hiervoor oneindige dank,
want zonder jullie was dit proefschrift er niet geweest. Het lukt niet om in een
dankwoord iedereen recht te doen. Dus wie hier niet aan bod komt, maar mij toch
geraakt heeft: mijn dank is groot.

Allereerst, Kees Dejong dank voor het vervullen van de promotor rol. Een
bijzondere rol aangezien je geen enkele auteursrol hebt gekregen van ons in de
studies in dit boek. Toch heb je dit hele boek en een aantal stukken voor het
submitten willen voorzien van verhelderend commentaar. Waarvoor veel dank. Je
nodigde me uit om op de 11e van de 11e de 11e stelling te bedenken en dat is gelukt
(in de weekenddienst).

De spil in het research verhaal mijn co-promotor en mentor: Jan Stoot, a.k.a Johnny
Punch! Jouw ongeremde enthousiasme maakte dat ik elke keer, als er weer een
researchmeeting bij jullie thuis achter de rug was, met een 'go get 'm' attitude
door kon met mijn werk. Je begon al te strooien met de woorden 'boekje' en
'promotie' in het vliegtuig naar Orlando voor mijn eerste congres. Iets wat ik zeker
in het begin met de nodige korrels zout genomen heb. Eerst zien dan geloven. Nu
is dan toch dat moment gekomen, jouw eerste promovendus als co-promotor.
Oneindig veel dank voor al je uren werk dat je aan ons studenten hebt
gespendeerd en ons gepusht hebt om te laten zien wat er mogelijk is, ook zonder
geld en ook zonder fulltime tijd.

Speciale dank aan de leden van leescommissie voor het beoordelen van ons werk
en voorzien van nuttig commentaar. In het bijzonder professor Nicole Bouvy als
voorzitter en de overige leden prof. dr. H. Grabsch, prof. dr. M. Weijenberg, prof.
dr. R. van Hilligersberg en dr. B. Wijnhoven, die helaas niet allen bij de verdediging
aanwezig kunnen zijn. 

Michiel de Maat jij nu als eerst, want jij hebt me geholpen bij het zetten van mijn
eerst stappen in onderzoek. Toen ik zo groen als gras aankwam als vijfdejaars
student heb je ervoor gezorgd dat ik terecht kon met vragen en voor advies. Jan
was de aanstichter, maar van jou heb ik geleerd onderzoek te doen en vooral hoe
het netjes op te schrijven. Onwijs bedankt daarvoor! 
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Vanaf het eerste moment was ook jij Ton Hoofwijk intensief betrokken bij het
onderzoek. Maar ook buiten het onderzoek heb je in de afgelopen jaren veel voor
mij betekend. Je bent altijd eerlijk en rechtdoorzee, zowel in nakijken van de
papers, op de werkvloer en daarbuiten. Als ik onaangekondigd me opeens bij jou
moest melden wist ik nooit of ik iets verprutst had en dat te horen kreeg of dat je
iets leuks positiefs wilde terugmelden. Gelukkig was het meestal het laatste. Mede
dankzij jouw steun ben ik in opleiding in het mooiste vak dat er is. Ik heb veel
bewondering voor jou als chirurg en vooral als mens. Dank is niet goed in worden
te vatten, maar toch: heel erg veel bedankt!!!

Leden van de LOGICA trial groep, in het bijzonder Hylke Brenkman en Maarten
Seesing. Bedankt voor jullie samenwerking, mij scherp te houden bij data op tijd
invoeren. Minder dank voor de veel te vroege bijeenkomsten op de vrijdagochtend
bij de chirurgendagen. Dank aan alle leden voor de nog steeds voortdurende
samenwerking zowel in de LOGICA trial als in de vervolg- en side-studies.

Dank aan de semi's die meegedaan hebben aan alle studies in dit boek en
daarbuiten. Elk hun eigen weg ingeslagen, promotietraject, opleiding etc. Jeroen
van Vugt, een van onze eerste congressen in Helsinki en elkaars CT's meten. Die
van jou waren er trouwens veel meer dan die van mij! Gefeliciteerd met je onwijs
dikke boek en natuurlijk de opleiding. Patrick de Hoogt, Charlotte Silvius,
Frederique Spauwen en de huidige onderzoekers Thaís Tweed en Kees de Mooij.
Als je maar wil, kan het!

Natuurlijk niet te vergeten de vakgroep chirurgie Zuyderland, Maatschap
Heelkunde Zuid-Limburg. Dank voor de steun in het onderzoek die ik gekregen heb
van de groep en uiteraard ook dat jullie van mij een goed chirurg proberen te
maken. 

Speciale dank aan mijn goede vrienden en paranimfen Jasper Kox en Luuk Theelen.
Met één meeting aan de keukentafel was alles geregeld, althans dat dachten jullie.
Ik dank jullie voor jullie vriendschap. Jasper 'Foxy Koxie' Kox voor je altijd irritante
weerwoord en intellectueel aftroeven. Luuk die nog steeds niet weet dat hij de
eerste orthopeed-intensivist gaat worden. Dat we tot die tijd nog maar regelmatig
naar de Muziekgieterij mogen gaan. 

Vrienden die studententijd gemaakt hebben tot wat het was: Gijs Boereboom,
Koen Dullaert, Sander Huisman, Jasper Kox, Denny Maessen, Luuk Theelen en Bart
Wagemans. In de uren die we samen in de Mensa gespendeerd hebben, hadden
we allemaal een complete promotie kunnen afronden. Om de uren die we in de
tuin aan de Bloemenweg of op de stoep aan de Wilhelminasingel hebben zitten
barbecueën er nog maar niet bij op te tellen. Iedereen is op zijn pootjes terecht
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gekomen of het nou bij defensie, als huisarts of specialist in opleiding is. Zelfs Koen
Dullaert zonder wie ik niet terecht was gekomen bij Jan Stoot. Als jij niet te 'lui'
was geweest om onderzoek te gaan doen had ik aan dit proefschrift nooit kunnen
beginnen. 

Collega's assistenten chirurgie in Zuyderland, Maastricht en in de regio. Een mooie
assistententijd maak tenslotte je samen. Of dat op de werkvloer is of op de bühne
van de chirurgendagen maakt niet uit. Het is fijn om de regio met jullie te delen. 

Een niet wetenschappelijke maar persoonlijke dank aan de verpleging op de SEH
in Zuyderland Sittard 2013-2014 (toen nog Orbis). Inmiddels zijn heel aantal van
jullie er niet meer werkzaam, ambulance, ander ziekenhuis of ander werk. De
mooie leerzame tijd van mijn eerste jaar als assistent op de SEH heb ik bij jullie
mogen doorbrengen. Het is heel goed en vormend voor een jonge arts om in en
klein team intensief samen te werken in mooie en soms ook donkere tijden. Dank
voor jullie, hulp, steun en gezelligheid in het begin, maar zeker ook daarna nog als
assistent chirurgie. 

Pap en mam, jullie hebben letterlijk en figuurlijk aan de wieg gestaan. Zij die mij
samen met mijn broer en zus (Sten en Jossie) groot gebracht hebben in een warm
en liefdevol thuis. Dankzij jullie heb ik alle eigenschappen meegekregen die nodig
zijn om dit boekwerk te voltooien en chirurg te kunnen worden. Nieuwsgierig,
handig, leergierig, niet zeuren en hard werken (en 'aet door')! Hiervoor kan ik jullie
niet genoeg bedanken! Ik weet dat we druk zijn en dat ik niet zo vaak thuis ben als
ik graag zou willen zijn. Maar onthoud dat ik er altijd zal zijn als het nodig is. Ik hou
van jullie!

Elsbeth, mijn vriendin én, ook al vind ik het nog wat raar klinken, mevrouw Tegels-
Rouers tegenwoordig. Mijn bewondering voor jou is immens! Hoe je het volhoudt,
snap ik niet. Het is niet gemakkelijk, jouw werk in Utrecht, mijn werk hier, allebei
een promotie, de zorg voor je moeder en nog een privé leven erop nahouden naast
dit alles. Ik vind het bijzonder. Het is een balanceeract die we al geruime tijd
volhouden. Gelukkig kun je de laatste tijd wat meer tijd in Maastricht werken zodat
we niet alleen op papier samenwonen maar ook écht in de praktijk samenwonen
in ons eigen (t)huis. Ik hoop dat in de nabije toekomst je gegund wordt wat je het
allerliefste wil: in opleiding tot kinderarts. Geen twijfel mogelijk dat je dat vak
glansrijk zult vervullen! Want in vergelijking met wat je nu doet is in opleiding zijn
een eitje. Lieverd ik hou ontzettend veel van je!!!

Om af te sluiten: "Soms is et baeter iets moeis te verleeze, baeter verleeze den
det ge 't noeit het gehad". De tekst van Jack Poels uit het lied Heilige Antonius van
het album Water, Lucht, Liefde uit 1997 is zeer treffend. Iedereen heeft wel iets of
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iemand waar je na het lezen hiervan aan denkt. Dank ook aan hen die er niet meer
zijn in wat ze voor ons betekend hebben en nog steeds voor ons betekenen. Dat
we allemaal van tijd tot tijd een moment mogen nemen om aan hen te denken.
Voor allen die Limburg vreemd zijn en een handje hulp nodig hebben de vertaling:
het is stelling 11 van dit proefschrift.
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Stellingen behorende bij het proefschrift

Improving outcomes in 
gastric cancer surgery

Juul Tegels

1. Geriatrische frailty is een belangrijke voorspeller van morbiditeit en mortaliteit na
maagkankerchirurgie - Dit proefschrift

2. Sarcopenie komt vaak voor bij maagkankerpatiënten, maar lijkt geen voorspeller voor
morbiditeit of mortaliteit - Dit proefschrift

3. Laparoscopie als nieuwe techniek lijkt niet duurder te zijn dan de traditionele open
chirurgie voor maagkanker - Dit proefschrift

4. Patiënten die maagkanker overleefd hebben ervaren meer symptomen en presteren
slechter in algeheel functioneren, echter zij ervaren hun globale kwaliteit van leven als
ongeveer even hoog als die van gezonde personen - Dit proefschrift

5. Preoperatieve risico-inschatting door middel van bepaling van geriatrische frailty,
voedingsstatus en sarcopenie is van belang om een goed geïnformeerd preoperatief
gesprek te voeren met de patiënt en familie - Valorisatie

6. Neither a referring physician nor an assessing surgeon should deny patients surgery
purely on the basis of age. - Preston et al. J R Soc Med. 2008 Aug 1; 101(8): 409–415.

7. Trauma experienced by geriatric patients is much different from that experienced by
young trauma patients. - M. Zenilman, JAMA Surg. 2014;149(4):327-328

8. Premature infants are at increased risk of vaccine-preventable diseases compared with
term infants. - Kent et. al. Pediatrics. 2016 Sep;138(3)

9. The day will come when man will have to fight noise as inexorably as cholera and the
plague - Robert Koch, arts en microbioloog, Nobelprijswinnaar 1905 

10. Human beings, who are almost unique in having the ability to learn from the
experiences of others, are also remarkable for their apparent disinclination to do so -
Douglas Adams 

11. Soms is het beter iets moois te verliezen, beter verliezen dan dat je het nooit hebt
gehad - Jack Poels (Rowwen Hèze), Heilige Antonius (Album: Water, Lucht, Liefde) - 1997
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