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1 Introduction

Clinical research refers to investigations that are conducted in human volunteers. It covers a broad
spectrum of activities, ranging from basic biomedical research on the mechanisms of diseases, evalu-
ations of biomarkers, assessments of preventive and diagnostic tools through to observational and
experimental studies examining safety and efficacy of treatments and medical interventions.

From a scientific perspective, interventional studies (i.e., clinical trials) are considered essential to the
progress of medicine and to improve health care outcomes. They are designed to provide answers to
guestions about interventions that have not yet clearly demonstrated benefits to patients and to find
out whether new treatment approaches are safe and effective. In the long term, ineffective or even
harmful treatments can be identified and can be replaced by effective and safe ones. Specifically,
properly done randomized controlled trials (RCTs) are widely regarded as the gold standard in clinical
research because they provide the highest level of evidence for establishing the efficacy of medical
interventions. Moreover, RCTs play an important role in making new treatments available. If a treat-
ment proves effective in an RCT, it may become a new therapeutic standard that can help many pa-
tients. Results from such trials often serve as basis for development of treatment guidelines and im-
plementation of new clinical pathways. Indeed, new medical knowledge is generated through clinical
trials and most of the treatments used today are the result of past research contributions.

One of the most critical success factors of clinical research is access to participants. On the one hand,
there is an obvious need for well-designed and well-conducted studies addressing relevant and so far,
unresolved questions. On the other hand, public perceptions of study participation are diverse, and
patients as well as health care professionals may have some hopes and expectations but also concerns
about participation in clinical research. As with any choice, there are pros and cons. Clinical trials may
have possible benefits as well as risks for individuals. In addition, clinical trials are, by definition, ex-
perimental. It means that it is not known in advance whether the new treatment has any effect, ben-
eficial or harmful. The premise is, therefore, that trials are not designed to benefit current patients
and that clinical research only provides the evidence necessary to improve care of future patients. Of
course, trial participants may benefit too because they may get access to breakthrough therapies not
yet available elsewhere. Trials may offer them the gains of tomorrow's medicine today. However, the
justification for randomly assigning participants is based on clinical equipoise or the “uncertainty prin-
ciple” (Ashcroft 1999). Equipoise means that a subject can be enrolled into a randomized trial only if
there is uncertainty about which of the treatments tested in the trial would be most effective. Conse-
quently, there is no guarantee that a new treatment will work, and even if it is effective, it may not
work for a particular patient. Even treatments demonstrated as effective for many patients and de-
clared standard are not helpful to everyone. Furthermore, subjects enrolled in an RCT may not receive
the experimental treatment because they are allocated to the control arm. Moreover, a new treatment
may have unknown risks that are worse than those of standard treatment are. The conventional view
is, therefore, that trial participants sacrifice their time, undertake risks for the good of future genera-
tions of patients, and usually do not benefit directly from trial participation. Those volunteers who
enrollin trials have thus to understand that they primarily help others and not themselves. When peo-
ple are asked to give reasons why they participate in clinical research, some of them indeed refer to
altruistic motives for participating in trials that offer no direct therapeutic benefit but expose them to
significant risks of harm (Godskesen et al. 2015).



Through engagement in clinical research, individuals can contribute to scientific and societal progress.
However, although trial participants commonly report that altruism motivated their decision to enroll,
it is rarely their primary factor in the decision-making process about participation, especially for pa-
tients with serious or life-threatening disease. For example, Truong et al. (2011) identified low levels
of altruism in patients with poor prognosis that were enrolled in early-phase cancer trials. For those
patients, participation is often driven by hope for a cure (Godskesen et al. 2015). Many patients who
join clinical trials are eager to benefit from newest research and are thus optimistic about their trial
participation. They often perceive trials as the only way of being treated with innovative therapies and
consequently agree to participate in trials to get a chance of clinical improvement that is unlikely with
conventional therapy. Many health care professionals have similar optimistic expectations and support
clinical research because they believe that trials provide the best available treatment for their patients.
Sometimes, clinical trials are even seen as a last resort for patients for whom no other treatment op-
tion exists. Especially in the field of oncology, there is a professional view that clinical trials offer supe-
rior, most up-to-date care from experts. For example, the National Cancer Institute's (2016) booklet
states that “Clinical trials are the key to making progress against cancer” (p. 2); trials facilitate access
to “high-quality cancer care” and “If a new treatment is proven to work and you are receiving it, you
may be among the first to benefit” (p. 11). In addition, many announcements related to cancer clinical
research promise that even if patients enter a study but do not receive the experimental therapy, they
will at least receive the available standard therapy which may be as good as, or even better than, the
new approach. For this reason, it is not unusual nowadays to see patients with common cancers getting
their first treatment in a clinical trial setting. In addition, trials can involve diagnostic tests or proce-
dures that are performed solely for research purposes. Consequently, participation in clinical research
may result in a quality of care and close monitoring patients may not otherwise have access to. This
makes trials distinct from routine clinical practice. It has thus been suggested that patients in trials,
even those treated in control arms, get better treatment and may therefore have better health care
outcomes than non-trial patients.

More than a decade ago, a workshop on “Clinical Research and Healthcare Outcomes” was held at the
International Agency for Research on Cancer (IARC) in Lyon, France (Selby 2011). This workshop ex-
plored the evidence for possible advantages from establishing research-intensive health care systems.
A key topic throughout the meeting was the so-called “second translational gap”. Usually, there are
two main types of translational gaps: The first gap refers to the barriers of moving from basic biomed-
ical research into clinical knowledge, while the second gap refers to the implementation of clinical
research results into daily practice in order to improve patient health (Sung et al. 2003; Woolf 2008;
Grimshaw et al. 2012). Indeed, one of the most consistent results from literature is the gap between
evidence and practice. Because of this gap, many patients fail to receive optimal care or are even
harmed because of inappropriate care (Grol and Grimshaw 2003; Grimshaw et al. 2012). For example,
Bristow et al. (2013) reported that only 37% of patients diagnosed with ovarian cancer in California
between 1999 and 2006 received health care in line with the National Comprehensive Cancer Network
guidelines. Similar results have been reported earlier for other indications and care settings (Grol
2001). Consequently, increased efforts to close the second translational gap and to move research
results into practice have been made over the last decades. These efforts are known under different
terms such as quality assurance, implementation research, knowledge utilization, and knowledge
translation, to name just a few of them (McKibbon et al. 2010). Knowledge translation, for example,
has been defined by Grimshaw et al. (2012) as “ensuring that stakeholders are aware of and use



research evidence to inform their health and health care decision-making” (p. 2). This definition
acknowledges that there are different stakeholders and recipients of knowledge, including health care
professionals, researchers, industry sponsors, regulators, health technology assessment bodies, and
policy makers, but also the patients and their relatives as the consumers of care. Despite the existing
multiple terms, the traditional approach to close the second translational gap has been based up to
now on knowledge translation and education. The primary goal has been mainly to disseminate new
positive results from individual trials and to inform the health community about their relevance in real
world settings. However, it has been recognized that the simple availability of new research results
does not automatically lead to their use and that patients often fail to benefit optimally and timely
from advances in research. Reading articles and books or attending conferences have generally not
proven to be effective in changing professional behavior or routines (Grimshaw and Thomson 1998).
According to Morris et al. (2011), it needs an average of 17 years for research results to reach clinical
practice. And in many cases, research even does not lead to worthwhile achievements (Chalmers et al.
2014). In consequence, new translational activities have been conceptualized. Among others, it has
been proposed to use the conduct of research itself as a bridge for the evidence-practice gap. At the
IARC workshop special interest was given to advantages of being involved in clinical research on insti-
tutional level. The starting point was the suggestion that clinical research can translate into better
health directly by improving the outcomes for individual trial patients and indirectly by improving the
health care services in research-active institutions (Selby 2011).

Research effects must be visible and translate into better health care to justify the huge investments
it requires. Demonstrating that research is beneficial and that resources are efficiently allocated and
used is therefore crucial to get the buy-in from all important stakeholders. Even though the public
opinion seems to recognize intuitively that clinical research is worthwhile, the positive link between
clinical trials and better outcome often holds as self-evident and many health care providers make
claims supporting research activity without corresponding data. In the current culture of opinion-
based policy making, this type of thinking seems to have been accepted without really challenging the
underlying concept (Krzyzanowska et al. 2011). At the same time, the characteristics of research-active
or research-intensive health care systems are poorly understood, and there is an urgent need to in-
crease value from research and to reduce waste in medicine (Moher et al. 2016). Therefore, it is worth
to learn more about “trial effects” and to clarify the relevant questions to be addressed.

1.1 Trial effects

For many years the effects of participation in clinical research have been extensively studied and con-
troversially discussed in the literature. In particular, trial effects have been explored in oncology more
than in other areas. One reason for that might be that cancer survival serves as a crucial indicator of
the effectiveness of health care systems (De Angelis et al. 2014). Cancer survival rates usually reflect
the ability of these systems to diagnose, treat, and manage cancer in a timely and efficient manner.
High survival rates suggest that the health care system is providing patients with access to advanced
diagnostic tools, cutting-edge treatments, and comprehensive care, ultimately leading to better out-
comes. Furthermore, monitoring cancer survival rates allows for the identification of disparities and
areas for improvement, enabling health care systems to continuously evolve and enhance the quality
of care provided to patients. Participation in clinical research is one of the factors being investigated
for its effect on standards of care and patient outcomes.



Previous research has mainly focused on the impact on patients and their experiences of being actively
involved in clinical trials—the so-called “participation effect” (Selby 2011). Consequently, in most stud-
ies, “trial patients” were compared with “non-trial patients” and the question asked was “Do patients
in clinical trials do better than patients outside trials (in the same institution or health care service)?”
(Selby and Autier 2011, p. 6). In this thesis, | refer to this as Question 1.

A first review evaluating the effect of participation in clinical trials (Stiller 1994) provided weak evi-
dence for the existence of a beneficial trial effect related to Question 1. For example, a study per-
formed by Ward et al. (1992) showed higher survival rates for patients entered in the first British Stom-
ach Cancer Group trial (Fielding et al. 1983) compared to concurrent non-trial patients from the same
districts. However, when the comparison was confined to those patients that actually met the eligibil-
ity criteria for the trial, such as fitness, the effect mostly disappeared. Similarly, Bertelsen (1991) found
significantly higher survival rates for advanced disease cancer patients randomized to trials compared
to non-randomized patients. However, the authors noted that chemotherapy was given to all patients
who were randomized but only to the half of those who were not—many of the non-randomized pa-
tients were simply too ill to start chemotherapy treatment. When the comparison was restricted to
patients that actually received chemotherapy, the difference was not significant anymore. In another
study included in Stiller’s review, Karjalainen and Palva (1989) reported higher survival rates for mul-
tiple myeloma patients in districts with local policy to enroll these patients in clinical trials compared
to their peers from non-trial districts. The authors wondered about what might have caused this effect
and suggested that patients in research-active areas benefited from the use of trial protocols. Braun-
holtz and colleagues (2001) made an update of the first review and found 14 articles containing data
on the impact of trial entry on patient outcome. Eight of these 14 articles reported significantly better
clinical outcome among trial patients than among non-trial patients. Three articles reported a favora-
ble trend with trial participation. One article claimed to demonstrate an improvement in symptoms
for patients in both the treatment and the control group. The two remaining articles found no evidence
supporting any effect between trial participants and non-trial controls. Overall, Braunholtz et al. (2001)
concluded that “there is little good quality evidence available” (p. 223), and added that, if anything,
randomized trials have a beneficial rather than a harmful effect on the outcome of the participating
patients. Finally, the authors pointed out that the best available evidence comes from clinical trials in
oncology and conclusions should probably be restricted to that area only. The Emergency Care Re-
search Institute (ECRI Institute 2002) found 10 comparisons and stated in their review that “some evi-
dence shows that patients in phase Il/Ill trials survive longer than similar patients who are not in trials”
(p. 36). However, the authors noticed that only five of these comparisons controlled for differences in
patient characteristics. Despite that in four of these five comparisons patients in trials survived signif-
icantly longer than those not in trials, the overall conclusion was that “one cannot have confidence in
these results, [...], due to the small evidence base” (p. 36). Similarly, Peppercorn et al. (2004) concluded
that the available data is insufficient for claiming a trial effect. The authors reviewed 26 comparisons
of outcomes for cancer patients who participated in clinical trials with those who did not. Fourteen of
these 26 comparisons provided evidence of better outcomes among patients enrolled in trials. How-
ever, only eight comparisons (out of the 26) restricted non-trial patients to eligible patients for the
trials in question. Only three out of these eight comparisons showed better outcomes in trial partici-
pants. In addition, their observations suggested that positive findings were more likely to be found in
older studies conducted before 1986 and that the methodologies in most studies were inconsistent
and incomplete; in particular, multivariable analysis was inconsistently applied. Finally, the authors of



a later Cochrane review concluded that outcomes of patients participating in RCTs do not differ from
those of patients receiving similar treatments but not participating in RCTs (Vist et al. 2008). This re-
view included five RCTs (6 comparisons) and 80 cohort studies (130 comparisons), with 86,640 patients
treated in RCTs and 57,205 patients treated outside of RCTs. Taken together, it seems difficult to es-
tablish a definite link between enrolment in clinical trials and improved clinical outcome. Even though
there is no good evidence that patient outcomes are worsened by trial participation, the available data
suggests that individual trial participation does not offer substantial benefits.

In most of the publications, the term “trial effect” is associated with the result from comparisons be-

|II

tween “trial patients” and “non-trial patients” (i.e., Question 1). In fact, different “trial” groups and
particularly various “non-trial” groups are possible (Table 1 in Braunholtz et al. 2001). The trial group,
for example, may consist only of trial participants but it may also contain all patients of recruiting phy-
sicians. The corresponding non-trial group may include patients who refused enrollment into a trial or
patients of recruiting health care providers but who were not invited for participation in the trial. Fi-
nally, eligible patients of non-recruiting health care providers or simply all their patients may serve as
controls. In the last years another interesting aspect of participation in clinical trials has come up: In-
stead of comparing trial patients with non-trial patients, it has been argued that it may be even more
meaningful to compare institutions that participate in clinical trials to those that do not. The idea be-
hind this institutional trial effect is that engagement in clinical research may improve health care per-
formance through various mechanisms and that institutions might improve the health outcomes of
their patients just by becoming research active. Consequently, Question 2 has been formulated as: “Do
health care institutions or service providers who are active in research deliver better care and out-
comes than those who do not participate in clinical research?” (Selby and Autier 2011, p. 6). In contrast
to individual trial participation, up to now, only a few studies have explicitly explored the relationship
between institutional research activity and patient outcomes. Indeed, the reviews mentioned above
either focused on the comparisons between trial patients and non-trial patients or did not really dis-
tinguish between the different levels of trial participation and non-participation, and thus did not dif-
ferentiate between the two questions cited above.

One review published by Clarke and Loudon (2011) searched the literature for studies directly address-
ing the effects of research activity at the structural level (Question 2). The authors found five articles
that examined the impact of trial participation of health care practitioners and eight articles that as-
sessed the effect of institutional participation in clinical trials on patient outcomes. They judged the
studies as “controlled” when the analyses were adjusted for potential confounders. When selection
bias could not be entirely excluded because of possible differences in patient mix, the studies were
labelled as “poorly controlled”. Overall, Clarke and Loudon (2011) concluded that there might be a
beneficial effect of institutional research activity on outcomes but stated that “[...] the consequences
for patient health are uncertain and the most robust conclusion may be that there is no apparent
evidence that patients treated by practitioners or in institutions that take part in trials do worse than
those treated elsewhere” (p. 1). Moreover, the authors acknowledged that the available findings were
inconsistent and difficult to integrate. The heterogeneity of the studies made a quantitative meta-
analysis impossible. Therefore, the studies on the trial effects related to being treated in research-
active institutions will be presented separately in the following paragraphs.



The three studies that were judged as “poorly controlled” suggested positive effects of research activ-
ity. Clark et al. (2003) studied data on aphaeresis use in 19 institutions active in trials and five non-
active institutions, and found higher aphaeresis use in trial centers compared to non-trial centers.
However, the aphaeresis use increased in both types of institutions during the observation period.
Janni et al. (2006) investigated centers before and after participation in a German trial of chemother-
apy regimens for women with breast cancer. In this study, trial participation led to an increase of the
relevant information flow through regular newsletters and study meetings and this improved profes-
sional knowledge in 80% of hospitals; in 31% of the centers the delivered care got better. According to
the authors “these results support the hypothesis that carrying out the study has a positive effect on
the current medical care of participating patients, irrespective of the knowledge gained later from the
actual findings of the study” (p. 3665). Chen et al. (2006) studied the impact of hospital type on treat-
ment and found that the uptake of changes in practice for the treatment of laryngeal cancer was
greater in teaching/research facilities than in community hospitals and community cancer centers. The
authors speculated that the reasons for lower uptake of new treatments at community institutions
compared to institutions involved in teaching and research activities “may be lower awareness of treat-
ment advances, lack of multidisciplinary expertise or availability of specific treatments at the facility,
or referral bias” (p. 837).

Five studies on institutional research activity were assessed as “controlled” but these studies provided
mixed results. Majumdar et al. (2008) looked at patients with coronary artery syndrome treated at
hospitals with no, low or high trial participation, and found that in-hospital mortality significantly de-
creased with increasing level of trial participation: 5.9% vs. 4.4% vs. 3.5%, respectively. Moreover,
compared with hospitals that did not participate in trials, those hospitals that were active in trials had
higher adherence to treatment guidelines and seemed to provide better care. This finding suggested
that the delivery of health care may also be affected by trial participation of the institution, and that
this may have a positive impact on all patients accessing the service, not just on those actually partici-
pating in trials. In contrast, an earlier study by Majumdar et al. (2002) investigated the prescribing
practice following myocardial infarction in North America. This study did not find any significant differ-
ences in treatment of patients between trial and non-trial hospitals. This study anticipated that hospi-
tals that had taken part in the Survival and Ventricular Enlargement (SAVE) trial would become early
adopters and treat their patients with angiotensin-converting enzyme (ACE) inhibitors that were
proved to be effective following myocardial infarction. However, even after the study closed, patients
treated at hospitals that had taken part in SAVE were not more likely to receive an ACE inhibitor than
were patients treated at non-SAVE sites (16% vs. 15%). Similarly, a Danish study comparing 10 practices
participating in a trial of an asthma treatment with 165 non-trial control practices did not detect any
differences in physicians' adherence to treatment guidelines. Interestingly, trial participation seemed
to affect physicians' prescription practice in that way that physicians involved in the trial conduct were
more likely to prescribe medication sponsored by the pharmaceutical company (Andersen et al. 2006).
A Canadian study in patients with myocardial infarction found that trial participants had better survival
than patients treated in the same hospitals but not actively treated in trials or those in non-trial hos-
pitals (Jha et al. 1996). The last of the “controlled” institutional studies included in the review found
higher survival rates for ovarian cancer patients and better adherence to treatment guidelines in trial
hospitals compared to non-trial hospitals (du Bois et al. 2005a). The data of this German study is part
of the following analyses, and will be, therefore, described in more detail later in this thesis.



Later reviews, published by Hanney et al. (2013) and by Boaz et al. (2015), were the most comprehen-
sive and focused on mechanisms through which research activity might improve health services per-
formance and patient outcomes. One part of these reviews dealt with the impact on health care that
had arisen as so-called byproduct of the research involvement in the original study. This part consisted
of a total of 21 papers, including 12 of the papers from Clarke and Loudon’s (2011) review. In this
byproduct category of papers, the main purpose of the original research activity of clinicians or organ-
izations was to conduct or participate in studies to evaluate the efficacy of new therapies or proce-
dures. Of the 21 identified papers, 17 papers produced positive findings and four papers produced
negative or mixed results about the association between engagement in research and health services
performance. The authors concluded that the current evidence does suggest that a link exists. How-
ever, they acknowledged that this is more likely to be demonstrated through improved health care
processes than through improved patient outcomes per se. Finally, the 21 papers in the review were
judged by the authors to be even more diverse than the 13 papers included in the previous review
performed by Clarke and Loudon (2011), so that a quantitative meta-analysis was not conducted.

It is obvious from above that the literature on trial effects has lacked clarity. First of all, there is a need
for careful formulation of questions that address the effects of participation in clinical research. In
particular, possible effects of research activity on the outcomes of individual patients involved in clin-
ical trials (Question 1) have to be distinguished from the impact of research activity on the outcomes
of health care institutions (Question 2). The participants of the IARC workshop agreed that the first
question has now been extensively investigated without coming to any convincing conclusions (Selby
2011). They, therefore, accepted the current evidence from literature showing that there is probably
little or no impact on individuals entering clinical trials compared to similar patients treated in similar
institutions but outside trials. In contrast, questions relating outcomes of whole services to their re-
search activity have been less well defined and have been much less investigated, despite their prob-
ably even higher relevance to health care providers, policy makers, and patients. Consequently, even
though the widely-held opinion is that institutional engagement in clinical research is beneficial, the
evidence that research activity improves health care performance and outcome is less strong than
expected. In line with this, the participants of the IARC workshop judged the available data to be too
limited to make definite recommendations. Nevertheless, Question 2 was considered crucial and it
was agreed that further investigation of this topic is required to determine whether clinical research
benefits patients and health care systems within which it is done. The main reason for this conclusion
was that Question 2 is relevant to all patients in a health care system, not just those patients who are
enrolled in clinical trials: If institutional research activity has positive effects, these benefits affect many
more patients than just the small proportion of actual trial participants. In addition, with the wide-
spread recognition that outcomes may vary by type of provider, health institutions are increasingly
being asked by policy makers to report data on the quality of care they deliver. This includes results on
possible relationships between trial participation of institutions and the outcomes of their non-trial
patients (see also Clarke and Loudon 2011). Finally, Question 2 was not only considered central to
health care policy but also to the patients—the actual users of health care services. Nowadays, patients
check multiple sources of information when making treatment choices. Consequently, the potential
effects of research activity are also important to patients who wish to use the available evidence when
deciding about where they receive their health care and from whom.



As a starting point to address Question 2 it is important to understand of what is meant by quality of
health care.

1.2 Quality of health care

Quiality of health care can be popularly described by the simple premise of “doing the right things right”
(Birkmeyer et al. 2004, p. 632). While there are many similar scientific definitions, the Institute of Med-
icine (IOM) of the National Academy of Sciences in the United States has proposed one that is widely
accepted and covers the main features of many others. The IOM defines quality of care as “the degree
to which health services for individuals and populations increase the likelihood of desired health out-
comes and are consistent with current professional knowledge” (Lohr 1990, p. 4). This definition, how-
ever, does not provide guidance on how to measure quality of care. In practice, several approaches
focus on different measures used to reflect quality in a given system. One of the most prominent is a
framework for evaluating quality of care proposed by Avedis Donabedian more than 50 years ago.
Donabedian (1966) suggested assessing quality of care within a triad comprising of structure, process,
and outcome. The model is most often illustrated by a chain of three boxes, representing different
kinds of information that may be collected to draw conclusions about quality of care. Unidirectional
arrows, meaning that each component has a direct influence on the next, connect structure, process
and outcome (see Figure 1). In the following, these components will be described in detail, and poten-
tial advantages and limitations of their use will be highlighted.

Structure |——>»| Process [——>»| Outcome

Figure 1: Donabedian’s (1966) concept of health care quality

In the terminology of Donabedian (1966; 1980; 1988), structure includes all the factors that affect the
context in which care is given to patients. Structure refers to attributes of the personnel who provide
care and the setting in which care is delivered. Human resources, for instance, include the number and
the qualifications of staff such as education, training, job specific skills, and professional experience of
physicians and nurses. Material resources consist of facilities such as buildings, equipment, and tech-
nology but also resources in terms of money and available time. Finally, structure denotes the attrib-
utes of organizational infrastructure such as administration, methods of peer review, and organiza-
tional incentives. Examples for structural attributes specific to oncology are the physician’s specialty
and board certification or the institutional specialization and annual procedure volume. Especially the
latter has been frequently used as a measure for the structural aspect of quality, and volume-outcome
relationships have been described for various types of surgical procedures (Hillner et al. 2000). Even
though the respective literature has not been consistent (Gruen et al. 2009), high-volume providers
were reported to have lower operative mortality, fewer complications, and better long-term survival
than their lower-volume counterparts (Birkmeyer et al. 2004). Another structural variable often cited
as a predictor of improved surgical outcomes in oncology is subspecialty training of the operating sur-
geon (Earle et al. 2006; du Bois et al. 2009b). Thus, patients are often encouraged to seek care at
hospitals with high volumes for several procedures and centers with specific expertise.



A rationale for focusing on structure is the premise that, given the right setting, high-quality care will
follow—“good structure increases the likelihood of good process” (Donabedian 1988, p. 1747). For
example, one would expect care to be of high quality when all staff members have some level of ex-
pertise in the field of interest, know their roles and responsibilities, are well coordinated, and have
implemented strategies for continuously improving quality of care. In contrast, if the institution is an
unpleasant place to work, roles and responsibilities are not clear, decision-making processes are com-
plicated, and the resources are restricted due to budget or time constraints, the employees will prob-
ably not do a good job. In addition, structure is increasingly viewed as not just the way health care
providers and institutions are organized and operated, but also by the policies they have in place and
that affect quality of care. For example, processes for monitoring and auditing quality and promoting
high-quality care can have impact on how well care is eventually delivered. Recent examples of initia-
tives related to these structural aspects include certification systems such as the German OnkoZert
(https://www.onkozert.de/). This certification confirms that processes as well as technical and scien-
tific standards of oncology care are in accordance with the requirements of the German Cancer Society,
thereby ensuring patients receive optimal cancer treatment.

Birkmeyer et al. (2004) suggested that structural variables have been successful mainly due to their
convenience, as they are tangible, easily assessed, and inexpensive, often utilizing administrative data.
It is relatively simple, for example, to determine whether a hospital is a teaching or a non-teaching
hospital and whether it specializes in a particular type of care. Similarly, it is quite easy to figure out
whether incentives are provided to doctors who meet high quality standards. However, even though
structure is relatively straightforward to assess, the links between structure and process variables or
even outcomes are quite complex (Landon et al. 1998) and, as a consequence, often weak (Landon et
al. 2001). This is indeed the main disadvantage of structure measures, and most studies have had dif-
ficulty in linking structural variables consistently to process measures and outcomes at patient level.
Among other reasons, this is because the most available attributes of infrastructure often lack speci-
ficity. Thus, only little is known about the relevance of structural characteristics that are more chal-
lenging to determine. For example, one can easily find out if a physician is certified by an approved
board in oncology, but it is a great deal to measure the quality of that certification and it is even harder
to determine to which extent the physician uses the acquired knowledge or specific skills in daily rou-
tine. Similarly, it is rather straightforward to find out if a hospital is affiliated with a medical school and
provides clinical education and training to health professionals, but it is much more difficult to assess
the actual teaching quality. According to Birkmeyer et al. (2004), the literature assessing structure is,
therefore, incomplete because it focuses on a very small number of key measures. In addition, unlike
process measures, most structural variables can only be examined in observational studies. Thus, it is
much more difficult to rule out confounding as a possible explanation for observed effects. Moreover,
structural variables mostly only reflect average results for groups of health care providers, and not for
individuals. Finally, many structural variables are not actionable from a health care provider’s perspec-
tive, which limits their effective use as a means towards quality improvement. For example, a low-
volume hospital cannot easily make itself a high-volume hospital for a specific service and a hospital
without appropriate infrastructure cannot simply become a specialized center. Similarly, a general gy-
necologist or surgeon cannot just become a specialist in gynecologic oncology overnight. Changes like
this need serious commitment, investments and resources: education, equipment, and especially time.
All of the above make structure variables only imperfect surrogates of quality.



Process variables describe the health care that patients actually get. In Donabedian’s (1966) terms,
process refers to all the activities of providing care that use resources and produce outcomes. These
activities often include diagnosis, treatment, and preventive actions but may be extended to efforts
undertaken by the patients themselves or their relatives to improve health outcomes. A common ex-
ample in oncology is administration of adequate chemotherapy to patients with advanced stage of
disease in a timely manner. Pain self-management in oncology is another example on the patient side.
Processes can also include physician-patient interactions such as providing emotional support and in-
formation, as well as involving patients in decision-making in a way that fits their preferences. Process
measurement can include both: what is done (i.e., whether the right actions were undertaken) and
how it is done (i.e., how well actions were carried out). In other words, process measures reflect
whether a patient received what is generally recognized to be the right care. According to Donabedian
(1966; 1980; 1988), the measurement of process variables is thus nearly identical to the measurement
of quality of care as process contains all actions of care delivery in clinical practice. Still, process varia-
bles can be easier to measure than outcomes because information about them can be obtained, with-
out delay, from medical records, surveys or interviews with patients and physicians, or even from di-
rect monitoring of care services.

A potential limitation of process measures is the lack of data that confirm their value for specific as-
pects of care. The consequence is that much care is delivered in the absence of convincing evidence
for its effectiveness (e.g., the value of guideline-based treatment for elderly patients is often not de-
finitively known). Another big challenge about process measures is related to the identification of ex-
actly those processes that are linked to improved outcomes. Especially the identification of valid qual-
ity metrics for complex procedures, as well as the definition of methods to measure and report them,
remain a challenge. Process measures are typically defined based on the known link between a certain
aspect of treatment and a certain outcome. However, even when data is available that supports the
effectiveness and appropriateness of a process, there is often more than one evidence-based option
to treat a certain condition. Sometimes there are dozens of things that can be done in the course of
taking care of a patient with a complicated disease and little information is available about which pro-
cesses are crucial for achieving the best results for the patient. Consequently, it is increasingly recog-
nized that simple assessment of individual processes of care is probably not adequate. Instead, bundles
of multiple tasks need to be done to achieve the best possible outcome. Another practical disad-
vantage of process measurement is that one must be able to accurately identify eligible patient popu-
lations. Many processes known to be generally effective may not be appropriate or may not be even
desirable for individual patients (e.g., chemotherapy treatment with all its side effects). Further limi-
tation of process measures is that sometimes it is not known how certain processes of care are related
to outcomes. On the plus side, process variables have some attractive features. Measures of process
of care are generally sensitive indicators of quality of care, and they may explain apparent links be-
tween structure and outcomes. Moreover, process variables are very specific and may thus be per-
ceived by health care providers as “fairer” measures of quality than structural measures (Birkmeyer et
al. 2004). In particular, they answer the straightforward question doctors and nurses might have: “Am
| doing the right thing for my patient?” Consequently, they are explicit and intuitive to understand for
health care providers and often for patients too. Finally, and most importantly, they are actionable
from the practitioner’s perspective because they clearly indicate what is expected and what should be
done how, and what might be changed to improve.
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Quality of care can be assessed in terms of direct outcome measures, which seek to capture whether
the goals of health care were achieved. They can be measured at hospital as well as on individual
patient level. For example, hospital standardized mortality ratios which compare actual to expected
in-hospital deaths can help identify potential areas of improvement and facilitate benchmarking
against other institutions. In practice, health care providers use patient outcomes to track, monitor
and evaluate changes in patient health but also to guide their treatment. Direct outcome measures
are often seen as the most important indicators of quality because the primary goal of health care is
to improve patients’ health status. Health care providers are most familiar with outcome components
that describe the end goal of quality care (e.g., survival associated with certain surgical procedures).
However, such measures sometimes do not adequately reflect the possible range of health conditions
that are affected by care and that are important to individual patients. Other outcomes may be health-
related quality of life, patient satisfaction, complication or readmission rates, or even financial costs.

The main advantage of direct outcome measures is their face validity. In the quality of care arena,
improved survival or improved health status are most desired by patients and are, thus, subjectively
viewed as covering the important results of health care. In addition, they are likely to get the greatest
buy-in from health care providers. However, accurately measuring outcomes and relating them exclu-
sively to delivered health care might be difficult. Although improving outcomes is clearly the goal, as-
sessing outcomes may be difficult because of the long-time frame needed to achieve improvement
and other potential factors besides quality that may affect outcomes. If outcomes are considered to
serve as quality measures they must reflect or be at least responsive to changes in health care. In
addition, they may need substantial time to become visible, so that often long-term follow-up is
needed. A further potential limitation is that even if outcomes are not optimal, they may not provide
insights into why they were suboptimal and what needs to be changed to make them better. Another
practical difficulty in assessing outcomes is that outcome data may not be routinely available in clinical
practice. Moreover, for some patient reported measures, selection bias can occur if patterns of re-
sponders differ between settings because patients with worse outcomes may be less likely to return a
self-reported questionnaire. Finally, the most important limitation of outcome measurement relates
to sample size. For the majority of procedures, very few health care providers have sufficient events
and cases that would allow for meaningful, procedure-specific measures of morbidity and mortality
(Birkmeyer et al. 2004). On the other hand, large sample sizes and adjustments for case mix are re-
quired for drawing valid conclusions about relationship between processes and outcomes.

To sum up, Donabedian’s (1966; 1980; 1988) model has been widely accepted as a useful framework
for assessing quality of care in clinical practice. However, each of the three components has its unique
advantages and limitations. Thus, the assessment of quality and the corresponding efforts towards
improvement should ideally incorporate all three dimensions of care, which is sometimes difficult to
realize. In the quality-improvement literature, structural measures, for example, have received consid-
erably less attention than processes and outcome measures. According to Birkmeyer et al. (2004), both
health care providers and policy makers should thus be flexible in their approaches to measuring qual-
ity of health care and align on strategies best suited to meeting their specific goals. Recommendations
for quality assurance and improvement using outcome measures should be selected and prioritized on
the basis of their actionability and validity. Most importantly, the metrics assessed should offer valua-
ble insights and enhance the quality of care delivered to patients.
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1.3 Ovarian cancer

Cancer is one of the leading causes of death worldwide and despite better treatment options, it is still
a crucial obstacle to enhancing life expectancy in most countries around the globe (Bray et al. 2021).
According to the Global Cancer Observatory (GLOBOCAN) database provided by IARC, 19 million cancer
cases were newly diagnosed and almost 10 million people died from cancer in 2020. The global cancer
burden is expected to be 28 million new cases in 2040, a 47% increase from 2020 (Sung et al. 2021).

Ovarian cancer ranks eighth in incidence and mortality among women, with 313,959 diagnoses and
207,252 deaths in 2020 (Ferlay et al. 2020a). Ovarian cancer incidence rates have been recently declin-
ing or stabilizing (Coburn et al. 2017; Cabasag et al. 2020a), but a woman's lifetime risk remains 1 in 78
for developing and 1 in 108 for dying from ovarian cancer (American Cancer Society 2023). Ovarian
cancer prognosis is still poor due to delayed diagnosis and unequal care access, resulting in the highest
mortality rate among gynecological cancers (Cabasag et al. 2020b). By 2040, a 42% increase in cases
(445,721) and a 51% increase in deaths (313,617) are projected by GLOBOCAN (Ferlay et al. 2020b).
Some incidence and mortality rates for ovarian cancer in 2020 are shown in Table 1. They are pre-
sented as crude numbers as well as age-standardized rates (ASR) per 100,000, which can be used for
comparisons between regions. Regional variations exist, with Central and Eastern Europe having the
highest incidence and Africa the lowest. Mortality rates have declined in high-income compared to
low-income parts of the world over the last two decades, but these trends are less pronounced than
those for incidence (Malvezzi et al. 2016; Dalmartello et al. 2022).

In Germany, 7,162 diagnoses and 5,326 deaths occurred in 2020, with an incidence ASR of 7.3 and a
mortality ASR of 4.4, both rates being slightly higher than the respective rates for Western Europe
(Ferlay et al. 2020a). By 2040, 7,860 new ovarian cancer diagnoses and 6,197 deaths from ovarian
cancer are expected in Germany (Ferlay et al. 2020b).

Table 1: Ovarian cancer incidence and mortality age-standardized rates by selected world regions*

Incidence Mortality
Region No. of cases ASR/100,000 No. of deaths ASR/100,000
World 313,959 6.6 207,252 4.2
Central-Eastern Europe 28,530 10.7 17,565 5.6
Northern Europe 9,457 8.8 6,530 5.0
Southern Europe 12,779 8.0 8,015 4.0
Western Europe 15,927 7.1 11,943 4.3
Northern America 26,630 8.1 16,451 4.1
Central America 5,987 6.1 3,698 3.7
South America 16,176 5.8 10,579 3.6
Asia 170,759 6.2 112,936 4.0
Africa 24,263 5.4 17,008 4.0
Australia/New Zealand 1,717 6.4 1,265 3.9

Note: *from the GLOBOCAN 2020 database, ASR = Age-standardized rate (per 100,000 person-years)

12



1.3.1 Prognostic factors

Most ovarian cancers (approximately 90%) are epithelial carcinomas, meaning that the cancer begins
in the cells on the surface of the ovary (Ledermann et al. 2013). The remaining ovarian tumors originate
from the germ or stromal cells. Only about half of the women with epithelial ovarian cancer are still
alive five years after diagnosis (National Cancer Institute 2023).

Over the last decades, researchers have developed several prognostic models and have identified mul-
tiple factors associated with prognosis of ovarian cancer. The most prominent proposals are statistical
prognostic tools that provide a quantitative estimate of the survival probability for an individual pa-
tient with epithelial ovarian cancer. Two of them, both nomograms, were developed to predict survival
for all stages of disease (Clark et al. 2001; Barlin et al. 2012). Three others, two nomograms (Chi et al.
2008; Gerestein et al. 2009) and one prognostic index (Teramukai et al. 2007), were developed exclu-
sively for patients with advanced-stage disease. Van de Laar et al. (2014) externally validated the latter
three prognostic models for survival in patients with advanced-stage ovarian cancer. Clark et al. (2007)
also externally validated one of the models (Teramukai et al. 2007). All models suggest that the most
important unfavorable patient and disease characteristics in ovarian cancer are higher stage of disease,
older patient age at diagnosis, bad performance status, poorly differentiated tumor, clear-cell and mu-
cinous histology, and presence of ascites. The following sections therefore briefly describe these risk
factors and summarize their importance in the prognosis of ovarian cancer patients.

The extent of the disease is generally expressed in terms of its stage (Pecorelli et al. 1999). The staging
of gynecological cancers has been standardized by the International Federation of Gynecology and
Obstetrics (Fédération Internationale de Gynécologie et d'Obstétrique, FIGO). According to FIGO, ovar-
ian cancer staging should be done surgically. The tumor stage at diagnosis is considered to be the most
important prognostic factor for survival of patients with ovarian cancer (Heintz et al. 2006), and in their
review, Clark et al. (2001) identified stage of disease as one of the most consistently reported prog-
nostic factors. Women diagnosed with early-stage (FIGO I-1IA) ovarian cancer have a more favorable
prognosis than women diagnosed with more advanced stages (FIGO IIB—-IV). When ovarian cancer is
detected very early (FIGO stage 1), meaning that the cancer is still limited to the ovaries at diagnosis,
about 80-90% of women survive longer than five years (Heintz et al. 2006). Unfortunately, ovarian
cancer lacks of early and specific symptoms and has thus been called a “silent killer” (e.g., Jasen 2009).
As a consequence, most patients are not diagnosed until the disease has advanced and this usually
means that the cancer has already spread beyond the ovaries (Pecorelli et al. 1999). FIGO stage |l ovar-
ian cancer is a small and heterogeneous group that is defined as extension or metastasis to nearby
regions in the pelvis, most commonly the fallopian tubes and pelvic peritoneum. This group comprises
only about 10% of ovarian cancers and has still a 5-year survival rate of about 70%. Most commonly,
ovarian cancer presents in FIGO stage lll, comprising about 50% of cases. Stage Ill tumors characteris-
tically spread along peritoneal surfaces involving both the pelvic and the abdominal peritoneum.
Heintz et al. (2006) reported 5-year survival rates of 47% among patients with FIGO stage IlIA, 42%
with FIGO stage IlIB, and 33% with FIGO stage IlIC. About 13% of patients present in FIGO stage IV
disease. This stage includes patients with tumor growth involving one or both ovaries with distant
metastases. The 5-year survival is only 19% for women with FIGO stage IV disease (Heintz et al. 2006).
Despite awareness of the disease, survival trends have not really changed since then. The main chal-
lenge is still the early diagnosis of ovarian cancer. Hence, recognizing symptoms with suitable diagnos-
tic tests continue to be crucial in enhancing patient outcomes.
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Age at time of diagnosis is considered a further important prognostic factor for patients with ovarian
cancer (Thigpen et al. 1993). Epithelial ovarian cancer is predominantly a disease of postmenopausal
women, with the majority (> 80%) of ovarian cancers occurring after the age of 50 (Ledermann et al.
2013). The incidence of ovarian cancer increases with age and has its peak in the eighth decade of life.
The median age of diagnosis is 63 years, and 48% of patients are 65 years or older (Ozols et al. 2006).
Tumors in younger women have a more favorable prognosis than tumors in older women. Five-year
survival for women younger than 65 years of age is about 66% compared to 33% for women 65 years
and older. Age is assumed to affect prognosis in ovarian cancer in two ways. On the one hand, possibly
due to different tumor biology in the aged, there seems to be an independent association of advanced
age with prognosis. On the other hand, it has been speculated that the management of ovarian cancer
in elderly women is more conservative; meaning that exposure to more aggressive treatment is lower
than in younger women (Yancik 1993).

Performance status is a rather crude assessment of how well a patient is able to perform ordinary tasks
and to carry out activities of daily life. The Eastern Cooperative Oncology Group (ECOG) scale is widely
used by practicing oncologists and researchers to quantify the functional status of cancer patients. The
ECOG scale describes the status of symptoms and functions with respect to ambulatory status and
need for care (Sgrensen et al. 1993). ECOG performance status 0 means normal activity, ECOG 1 is
associated with some symptoms, but still near fully ambulatory, ECOG 2 means less than 50%, and
ECOG 3 means more than 50% of daytime in bed, while ECOG 4 is associated with complete disability.
ECOG 5 corresponds to patient’s death. Although performance status suffers from problems of subjec-
tivity it has been demonstrated to be an independent prognostic factor for survival in ovarian cancer
(Lund et al. 1990). Moreover, it has been shown that patients with a good performance status (ECOG
0 or 1) are more likely to respond to treatment and experience fewer and less severe side effects from
treatment (Ozols et al. 2006).

Tumors are graded according to how well or poorly differentiated they are. Worldwide, there are many
different systems for the grading of ovarian cancers. Some of them are derived from reviewing the
following tumor characteristics: architectural features, mitotic counts and nuclear atypia. Based on
these characteristics, most proposed grading systems are systems with three grades (Shimizu et al.
1998): According to the World Health Organization (WHO) epithelial ovarian cancers are graded as
either well differentiated (Grade 1, G1), moderately differentiated (Grade 2, G2), or poorly differenti-
ated (Grade 3, G3), with a further category that applies if grade cannot be assessed (Grade X, GX). In
some systems, Grade 4 (G4) is used to describe undifferentiated high grade tumors. While most of the
early stage cancers are well differentiated, poorly differentiated tumors are most common in the ad-
vanced stages. However, there is no single universally accepted grading system and ovarian carcino-
mas can also be classified into either low grade or high grade tumors (Ledermann et al. 2013). In gen-
eral, tumor grade can serve as an additional prognostic factor in ovarian cancer. Low-grade tumors
have been reported to be associated with a more favorable prognosis than high-grade tumors. Patients
with FIGO stage | and poorly differentiated tumors have worse survival compared with patients at the
same stage but with well-differentiated tumors. The 5-year survival rates for women with early-stage
ovarian cancer (FIGO | and Il) are 90%, 80%, and 75% for G1, G2, and G3, respectively. For advanced
ovarian cancer (FIGO lll and IV), the reported 5-year survival rates are 57%, 31%, and 28%, respectively
(Heintz et al. 2006).

14



The WHO histological classification of epithelial ovarian tumors recognizes various distinct subtypes
such as serous, mucinous, endometrioid, clear cell, mixed, undifferentiated, and unclassified tumors
(e.g., Kaku et al. 2003). Invasive serous carcinomas are the most common histological subtype account-
ing for up to approximately 80% of advanced ovarian cancers. In contrast, clear-cell cancers account
for approximately only 5% of ovarian carcinomas. Mucinous carcinomas are rather uncommon histo-
logical types that affect several organ sites (Kelemen and Kébel 2011). Some studies have shown that
the histological subtype can be important for ovarian cancer prognosis (Ledermann et al. 2013). For
example, Winter et al. (2007) reported clear-cell histology to be associated with a worse overall sur-
vival compared with serous carcinomas. In advanced-stage disease, du Bois et al. (2009a) showed that
compared with the most common serous histological subtype the mucinous histological subtype pre-
dicted inferior survival outcome. Similarly, Mackay et al. (2010) have shown that mucinous and clear-
cell carcinomas were independent predictors of poor prognosis in patients with advanced stages of
ovarian cancer. Nevertheless, the histological subtype has generally been considered to have less prog-
nostic value than other clinical factors such as stage of disease (Clark et al. 2001; Ozols et al. 2006). In
their review, Clark et al. (2001) stated that histology and grade were both included in most prognostic
models, but were not consistently statistically significant.

Ovarian cancer is the most common primary cancer site associated with ascites (Shen-Gunther and
Mannel 2002; Kipps et al. 2013). The incidence of ascites in women with epithelial ovarian cancer
ranges from 45% to 75% depending on the tumor type and increases in advanced stages (Partridge and
Barnes 1999). Presence of ascites is not only one of the symptoms of ovarian cancer but it is, in general,
also considered a poor prognostic indicator for survival. According to Puls et al. (1996), development
of ascites correlates with a significantly decreased 5-year survival rate among women with FIGO stage
Il or IV epithelial ovarian cancer (5% with ascites versus 45% without ascites). Similarly, ascites has
been found to be a poor prognostic factor in women with FIGO | disease (Dembo et al. 1990).

1.3.2 Treatment options

Several guidelines and consensus statements regarding surgical procedures as well as chemotherapy
treatment have been published worldwide for both early and advanced ovarian cancer over the past
decades (e.g., NIH Consensus Conference 1995; European Society for Medical Oncology (ESMO) Guide-
lines Task Force 2001; see Karam et al. 2017 and Vergote et al. 2022 for the Fifth and Sixth Ovarian
Cancer Consensus Conference Statements). Surgery is the cornerstone of management of ovarian can-
cer. It is not only a critical part of effective treatment, but it is also required for diagnosis and staging
(Pecorelli et al. 1999). Staging is the assessment of how far the tumor has spread. Proper and accurate
staging conducted via surgery can separate patients with true early-stage disease from patients with
advanced stages of ovarian cancer. This distinction is essential in guiding further treatment decisions,
particularly when it comes to determining the necessity of adjuvant chemotherapy. A few early-stage
cancers are curable with surgery alone (Heintz et al. 2006) but most women with ovarian carcinoma
need chemotherapy in addition to surgery. Incomplete staging can lead to underestimation of the ex-
tent of the disease and thus result in undertreatment that may in turn affect patient outcome. The
German S3-Guideline on diagnostics, therapy and follow-up of malignant ovarian tumors (Wagner et
al. 2013; Staebler and Mayr 2017) still recommends the following surgical steps: longitudinal laparot-
omy, inspection and palpation of the entire abdominal cavity, peritoneal cytology, biopsies from all
abnormal sites and peritoneal biopsies from unremarkable regions, bilateral excision of adnexa of
uterus, hysterectomy, infracolic omentectomy, appendectomy, bilateral pelvic and paraaortal lym-
phonodectomy.
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Surgical outcome in ovarian cancer is usually classified according to the amount of postoperative re-
sidual tumor. Resection is regarded as complete if no macroscopically visible tumor is left. If tumor
remains after surgery, it is classified according to its largest diameter. In a landmark study, Griffiths
(1975) showed, for the first time, an inverse relationship between residual tumor diameter and sur-
vival. Since this study, postoperative residual tumor has been consistently reported as one of the most
powerful determinants of survival in ovarian cancer patients (e.g., Hoskins et al. 1992; Clark et al.
2001). However, the definition of “optimal” debulking surgery has varied over time and the cut-off for
determining optimal cytoreduction has been changed repeatedly. Originally, residuals up to 15 mm
largest diameter were classified as optimal surgical outcome whereas any larger residual tumor was
defined as suboptimal debulking (Griffiths 1975). In contrast, some other studies that sought to predict
the surgical resectability of ovarian cancer, defined optimal cytoreduction as a residual disease meas-
uring less than 20 mm largest diameter (e.g., Meyer et al. 1995). Finally, a residual tumor size of less
than 10 mm has been generally accepted as the definition of optimal surgical cytoreduction since the
work of Bristow et al. (2002) who showed in a meta-analysis a significant positive correlation between
percentage of maximal cytoreduction and median survival after controlling for other variables. How-
ever, newer publications claimed that not 10 mm but only complete debulking to no macroscopic re-
sidual tumor should be the goal of the surgical management of ovarian cancer. For example, du Bois
et al. (2009a) conducted an exploratory analysis of three prospective randomized trials that examined
platinum-taxane based chemotherapy regimens for advanced ovarian cancer between 1995 and 2002.
In this analysis, they categorized patients based on their surgical outcomes: complete resection, small
residual tumor burden (1-10 mm), and macroscopic residual disease (>10 cm). Findings revealed that
patients with complete resection had significantly better survival rates compared to those patients
with residual tumors. The prognostic impact of optimal debulking was smaller when compared to cases
with macroscopic residual disease. In line with this, the current German S3-Guideline as well as the
Fifth Ovarian Cancer Consensus Conference statements (Karam et al. 2017) define the goal of primary
surgery as complete resection. Systemic chemotherapy for ovarian cancer is most often based on a
platinum compound alone or in combination with a taxane (du Bois et al. 2005b; Karam et al. 2017;
Vergote et al. 2022). Patients with early-stage disease (except for FIGO IA G1) should receive a plati-
num-based chemotherapy. According to the German S3-Guideline, patients with stage IA G1 ovarian
cancer after complete operative staging must not receive adjuvant chemotherapy. In contrast, patients
with stage IA G2, IB G1/2 can be offered platinum-based chemotherapy, and patients with FIGO IC or
IA/B, G3 ovarian cancer must receive chemotherapy that should include carboplatin and consist of six
cycles. Since 20 years, the recommended first-line chemotherapy for patients with advanced ovarian
cancer (FIGO lIB—IV) is carboplatin and paclitaxel over a total of six cycles, with one cycle every three
weeks (Ozols et al. 2003).

In summary, the standard treatment for most ovarian cancer patients involves accurate staging with
maximal cytoreductive surgery followed by primary platinum-based chemotherapy. Surgical outcomes
depend on tumor resectability and patient condition but can be improved by skilled surgeons in spe-
cialized centers (Bristow et al. 2002). In contrast, the chemotherapy outcomes are mainly influenced
by chemosensitivity of the tumor, a factor hardly amenable to alteration. However, a hospital’s infra-
structure can have an impact on adherence to treatment guidelines in terms of chemotherapy admin-
istration. In this thesis, both treatment factors will be examined as potential mechanisms driving the
effect of institutional research activity on patient survival, while accounting for relevant patient and
disease characteristics.
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1.4 Mediation analysis

Investigating causal relationships is not a novel approach (Wright 1934). Assessment of mediation has
been a key tool of statistical analysis in some disciplines for many years. Since the publication of the
seminal paper by Baron and Kenny (1986), testing for mediation has been an integral part of statistical
analysis, foremost in psychology. In epidemiology, both theoretical and practical aspects of mediation
have been considered since Robins and Greenland (1992). Finally, mediation models have been used
for assessing causal relationships in medicine where the mediating mechanisms continue to remain
one of the greatest puzzles (Ruesch 1961).

More generally, mediation analysis is a tool to identify and explain the mechanisms that underlie an
observed relationship between an independent variable A and a dependent variable Y through the
inclusion of a third variable, the so-called mediator M (Figure 2). This third variable is intermediate in
the causal path from the independent to the dependent variable (MacKinnon 2007). A mediating var-
iable represents asymmetric relations between variables. Mediation also implies a temporal relation-
ship with A occurring before M and M occurring before Y. In a mediation model, the independent
variable is assumed to (at least partially) cause the mediator which is then assumed to cause the de-
pendent variable. A mediator shares similarities with a confounder variable because it is related to
both A and Y. But in contrast to a confounder that is not on a causal path between A and Y, the medi-
ator explains the relation between A and Y because it transmits the effect of A on Y. According to Baron
and Kenny (1986), a mediator “represents the generative mechanism through which the focal inde-
pendent variable is able to influence the dependent variable of interest” (p. 1173). Mediators are also
called process variables, thereby referring to their function as variables that describe the process by
which an independent variable affects a dependent variable (Judd and Kenny 1981). The importance
of mediation as the totality of underlying processes is well argued in Hafeman and Schwartz (2009)
where they demanded the opening of the “black box” when investigating exposure-disease relations.
Surrogate endpoints or intermediate outcomes can equally be considered mediators because these
variables represent proximal measures of a distal outcome (Prentice 1989).

The core element of mediation analysis is the estimation of two effects: The natural direct effect of an
independent variable (or exposure) A on a dependent variable (or outcome) Y and the natural indirect
effect acting through the mediator M. Consider, for example, a very simple path model with institu-
tional characteristics, such as hospital trial participation as exposure A, surgical outcome as potential
mediator M, and patient survival as the final outcome Y. In Figure 2, the exposure has a direct effect
on the final outcome; despite the name “direct”, this path summarizes all the unknown sources by
which A has an influence on Y. In addition, the exposure affects the mediator M, which, in turn, has an
effect on the final outcome. The total effect is then the aggregate of these two effects. Specifically, the
natural direct effect is the effect one would observe on the outcome if the exposure could be changed
without inducing a change in the mediator. The natural indirect effect is the effect on the outcome one
would observe if the mediator could be changed as it would when the exposure was manipulated
(without actually changing the exposure). In the terms of the example, a non-zero natural direct effect
would be a survival benefit in patients treated at research-active hospitals compared to hospitals not
engaged in research; such a benefit would be observable even if there was not any difference in the
surgical outcome between trial and non-trial hospitals. In contrast, the natural indirect effect refers to
the difference in survival as a consequence of the difference in the surgical outcome between research-
active and research-inactive institutions.
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Figure 2: Simple path diagram relating exposure A to a mediator M and an outcome Y

For normally distributed mediators and outcomes, and in the absence of interactions or non-linear
effects, natural direct and indirect effects can be estimated by a stepwise approach based on standard
linear regressions. Baron and Kenny (1986) developed four steps in the evaluation of mediation by
means of regression models. The first step is to show a significant overall association between expo-
sure and outcome. Nonetheless, it's worth noting that the absence of a significant overall association
does not preclude mediation, as the direct and indirect paths could counterbalance each other, result-
ing in a zero overall effect (Zhao et al. 2010). The next steps are to show that the indirect path exists,
namely, that the exposure has an effect on the proposed mediator and that the proposed mediator
has an effect on the outcome. The last step aims at showing that the relationship between exposure
and outcome is numerically reduced after controlling for the potential mediator. This way, multiple
regression models can be used for testing for direct and indirect effects. Models are fitted for the
outcome both with and without the mediator, and the difference in the coefficients for the exposure
is taken as a measure of the natural indirect or mediated effect.

However, researchers should be aware of the possible pitfalls associated with that traditional ap-
proach. In oncology, for example, the outcome of interest is often patient survival. Survival times are
known to be non-normally distributed and typically right censored. Existing techniques for mediation
analysis are thus not applicable to survival data, and several authors have shown that the linear re-
gression approach cannot be simply translated to logistic regression or proportional hazard models
(Cole and Hernan 2002; Kaufman et al. 2004; VanderWeele 2011). The main reason is that conditional
effect estimates (e.g., the odds ratio from a logistic regression that includes the mediator) usually differ
from marginal effect estimates (odds ratio from a logistic regression without the mediator), which sug-
gests a mediator effect in Baron and Kenny’s logic (1986). This may even occur in balanced designs and
is, therefore, unrelated to the well-known Simpson’s paradox.

For this reason, many studies in the field of health care investigate only the full regression models that
simultaneously include structural variables as well as process measures (in the terminology of Dona-
bedian 1966; 1980; 1988). However, because the process measures may be intermediate outcomes of
structural measures, the effect of structural measures can be washed out or completely eliminated in
such analyses. Appropriate modeling of structural and process variables needs to make a clear distinc-
tion between direct and indirect effects. A corresponding approach is implemented and discussed in
this thesis (Lange et al. 2012; Lange et al. 2014; Rochon et al. 2014).

18



1.5 Objective and scope of the thesis

The general objective of the present thesis is to describe the quality of care for patients with ovarian
cancer in Germany and to investigate the effects related to being treated in institutions that participate
in clinical trials (Question 2, see Section 1.1 above). On the one hand, the thesis will focus on the rela-
tionship between institutional research activity, adherence to treatment guidelines, and patient out-
comes. On the other hand, the thesis will deal with methodological challenges and will show possible
solutions on how to investigate Question 2 in a proper way.

From the health care perspective, the thesis will examine whether institutional research activity can
be considered as an indicator of high-quality care. The main hypothesis is that hospitals participating
in clinical trials deliver better care and attain improved outcomes for their patients. For this purpose,
data from three cohorts of a German quality assurance program in ovarian cancer will be explored with
respect to adherence to treatment guidelines and with respect to survival in both early- and late-stage
disease. One of the main purposes of the thesis will be then to proceed from the question “Does it
work?” to the question “How does it work?” by investigating the relationship between measures of
structure, process and outcome in one single Donabedian (1966; 1980; 1988)-like model. This is moti-
vated by recent studies suggesting that patients treated in research-active institutions have better
outcomes than patients treated in research-inactive institutions but generally paying little attention to
the explanation of the observed effects. However, evaluating potential causal pathways for better out-
comes in research-active institutions is critical to identify processes that should be targeted by quality
improvement initiatives. Therefore, surgical outcome and chemotherapy administration will be inves-
tigated as potential mediators of the effect of hospital research activity on patient survival. The study
results may help understanding gaps between clinical research and daily practice in oncology and pri-
oritizing actions for the care of patients with ovarian cancer.

From the methodological point of view, the thesis will not just compare “on-trial” with “off-trial” pa-
tients, but all patients treated in hospitals participating in clinical trials with all patients treated in non-
trial hospitals. In this way, the relationship between research activity (at the level of institutions) and
outcomes (at the level of patients) will be explored while taking into account relevant patient and
disease characteristics. The “How does it work?” question will be investigated by introducing a meth-
odology that can be used to assess mediation on several types of mediators and outcomes including
binary and survival data. In contrast to standard methods of regression analysis, this approach will
allow for the first time to examine possible direct as well as indirect effects of institutional research
activity on patient outcomes in one model and it will thus correspond directly to the conceptual model
of structure, process and outcome cited above. In addition, the effect that a health care institution
tends to attract similar patients and to provide care in a similar way will be explored, and it will be
shown how potential clustering of patients within hospitals can be considered when doing mediation
analysis. Finally, the methodological challenges of evaluating the impact of the clinical research pro-
cess on institutions and health systems in general will be elaborated, and advantages as well as limita-
tions of the conventional and the new methodological approaches will be discussed. Ultimately, this
thesis will provide a clear recommendation on the most suitable methodology for future studies.

19



20



2 Materials and methods

2.1 Data

In Germany, a nationwide quality assurance program known as QS-OVAR (https://www.eierstock-
krebs.de/gs-ovar/) monitors the treatment and outcomes in ovarian cancer. The Arbeitsgemeinschaft
Gynaekologische Onkologie (AGO) Organkommission OVAR, a subcommittee of the German Cancer
Society, initiated this program in 1999. Its aim is to describe the pattern and quality of care of patients
with ovarian cancer as well as to improve their outcomes. The program was piloted in 2000 (du Bois
et al. 2001a; b) but survival data was not collected at that point of time. Further data collections took
place in QS-OVAR 2001, 2004, and 2008 with focus on quality of primary surgical and chemotherapy
treatment while special attention was given to institutional characteristics. In addition, patient survival
was collected for at least three years after diagnosis. These three cohorts are the subject of the present
thesis. Du Bois et al. (2005a) described study design and first results from the cohort of patients diag-
nosed in the third quarter of 2001. Further details are provided in Rochon and du Bois (2011). QS-
OVAR 2004 and 2008 were designed and conducted in a similar manner.

The study consisted of two phases. In Phase 1, all gynecological departments in Germany were invited
to participate in a survey. They were requested to provide the number of patients newly diagnosed
with ovarian cancer in the respective year, along with information about their affiliation with the two
German study groups: the Ovarian Cancer Study Group of the Arbeitsgemeinschaft Gynaekologische
Onkologie (AGO-OVAR) and the Northeastern Society of Gynecologic Oncology (NOGGO). Phase 2 in-
volved the hospitals that responded to the survey. Approximately one year after the initial diagnosis
of ovarian cancer, these hospitals were asked to document all patients newly diagnosed with ovarian
cancer in the third quarter of 2001, 2004, or 2008. The study only included patients aged 18 or above
who had histologically confirmed epithelial invasive ovarian cancer. Data were gathered using paper
report forms, which were then cross verified with surgical and pathological reports before being en-
tered into an electronic SPSS database (IBM Corp 2010). Medizinische Marktforschung (MMF GmbH,
Dortmund, Germany) managed the data and queries. Trained data managers ensured the accuracy and
plausibility of the data entry. All data were anonymized prior to analysis.

With regard to structural measures, data were collected on hospital volume, hospital care level, and
hospital participation in prospective clinical trials conducted by at least one of the two study groups,
AGO-OVAR or NOGGO. These two groups organize almost all national and international cooperative
clinical trials for ovarian cancer in Germany. AGO-OVAR is a member of the Gynecologic Cancer Inter-
group (GCIG), and both AGO-OVAR and NOGGO are members of the European Network of Gynecologic
Oncology Trial Groups (ENGOT). Both study groups checked all hospital declarations with respect to
their research activity. Some of the hospitals participated only in selected trials; some participated in
trials of both study groups. However, the effect of participation in trials of the cooperative study groups
was deemed to cover more than recruiting of individual patients in the third quarter of 2001, 2004 or
2008. To be considered as research-active, hospitals had to enroll patients in clinical trials of the two
study groups before or during the third quarter of the respective year. Hospital volume was recorded
as the number of patients who had been treated for ovarian cancer per year. Hospitals treating 1 to
11 patients annually were categorized as low-volume, and those treating 12 or more patients per year
were categorized as high-volume hospitals. Finally, the hospitals were categorized into four categories
with respect to their care level: university hospitals, hospitals with centralized services and maximum
care, hospitals providing specialized care, and primary care hospitals.
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For the purposes of this thesis, adherence to treatment guidelines for ovarian cancer was selected as
the process measure of quality of care and was considered the therapeutic standard that the majority
of ovarian cancer patients should be provided. This measure was based on national and international
recommendations for surgery and chemotherapy according to the time period of diagnosis (Bauknecht
et al. 2000; European Society for Medical Oncology (ESMO) Guidelines Task Force 2001; du Bois et al.
2005b). Adherence to treatment guidelines was defined as stage-appropriate surgery and chemother-
apy in patients with early-stage (FIGO I-lIA) and advanced-stage (FIGO IIB-IV) disease. Dichotomous
variables, adherence or non-adherence, were created with regard to surgical and chemotherapy guide-
lines separately. For the overall treatment (both surgery and chemotherapy taken together), categor-
ical variables with four, three and two categories were built.

With respect to surgical staging in early ovarian cancer FIGO I-lIA, hospitals were asked to report
whether the following nine procedures were done: 1) vertical laparotomy, 2) total abdominal hyster-
ectomy, 3) bilateral salpingo-oophorectomy including 4) removal of all tumor tissue, 5) omentectomy,
6) peritoneal sampling, 7) cytology, as well as 8) pelvic, and 9) para-aortic lymph node staging. In pa-
tients younger than 50 years of age with highly differentiated FIGO IA tumors and an option for fertility-
sparing surgery, total abdominal hysterectomy and bilateral salpingo-oophorectomy were not deemed
mandatory. Staging was defined as “optimal” when maximally one step was missing and was consid-
ered “complete” when all surgical steps were performed. Adjuvant platinum-based chemotherapy was
regarded standard care for patients with early ovarian cancer, except for patients with FIGO IA G1
tumors for whom a chemotherapy is not recommended.

For patients with ovarian cancer FIGO IIB and higher, treatment guidelines recommend surgery includ-
ing maximal debulking as well as chemotherapy with carboplatin and paclitaxel (e.g., du Bois et al.
2005b). According to these guidelines, tumor residuals up to 10 mm largest diameter were considered
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as “optimal” surgical outcome whereas any larger residual tumor was defined as “suboptimal” surgical
outcome. Because only complete debulking to no macroscopically visible residual tumor was recom-
mended in more recent guidelines (e.g., du Bois et al. 2009a), “complete debulking” was assessed in
sensitivity analyses. With respect to chemotherapy, any combination of platinum and taxane was con-

sidered adherent to treatment guidelines in patients with FIGO stage 11B-IV disease.

All patients treated at hospitals participating in clinical trials (i.e., trial hospitals) were compared with
all patients treated at hospitals that did not participate in any clinical trials conducted by AGO-OVAR
and NOGGO (i.e., non-trial hospitals) in the specified time period. The primary outcome measure was
overall survival time, which was defined as the time interval between the date of diagnosis and the
date of death from any cause or the date of the last contact (censored). Survival status was followed
up yearly for a period of at least three years after diagnosis. The following patient and disease variables
known to be important prognostic factors for ovarian cancer were collected at baseline (see Section
1.3.1 above): patient age at diagnosis, FIGO stage, ECOG performance status, tumor grade, histological
subtype, and presence of ascites of more than 500 ml. In addition, presence of comorbidity and history
of second malignancies were recorded.

The use of data included in this thesis was approved by the AGO-OVAR and the AGO Ovarian Commit-
tee. The study protocol was reviewed and approved by the Ethics Committee of the Medical Faculty of
the University of Heidelberg, Germany (study number: S-446/2013).
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2.2 Methods

The quality assurance program QS-OVAR follows an observational cross-sectional study design with
retrospective data collection and prospective follow up. About a year after initial diagnosis, hospitals
submit their ovarian cancer patient data. This time frame typically marks the completion of both sur-
gical treatment and primary chemotherapy, with patients transitioning into the follow-up phase. This
thesis utilizes data from three distinct cohorts of patients diagnosed with epithelial ovarian cancer in
the years 2001, 2004, and 2008. For the first cohort, survival data were gathered for a minimum of
three years post diagnosis, while in the subsequent cohorts, this information was collected for at least
four years following initial diagnosis. The results are thus presented separately for QS-OVAR 2001,
2004 and 2008. Changes over time with respect to adherence to treatment guidelines and ovarian
cancer survival are evaluated in a descriptive manner. Subgroup analyses for early-stage (FIGO I-lIA)
and advanced-stage (FIGO IIB—IV) ovarian cancer are shown as appropriate.

Continuous data are summarized with medians and 25th and 75th percentiles (i.e., the interquartile
range [IQR]), while categorical data are summarized with counts and percentages. Descriptive statistics
for survival data are estimates from Kaplan-Meier curves (KM, Kaplan and Meier 1958). Median follow-
up time was estimated using the reverse KM method. The reverse KM was calculated in the same way
as the standard KM but with the status indicator reversed so that patients alive are treated as events
and deaths are censored. The follow-up time of a patient that died is then interpreted as the follow-
up time that potentially would have been observed had that patient not died (Schemper and Smith
1996). The total effect of institutional research activity on patient survival was estimated by Cox pro-
portional hazards regression, and the standard error of the effect estimate was corrected for potential
clustering of patients within hospitals (Therneau 2013). Stage of disease (FIGO I-IIA vs. FIGO 1IB-IV),
patient age at diagnosis (continuous, in 5 years units), performance status (ECOG > 1 vs. 0/1), ascites
(> 500 ml vs. £ 500 ml), comorbidity (present vs. none), histology (serous vs. other), and grade (G3/4
vs. G1/2) were included as baseline covariates or factors.

One main question of the present thesis was whether the effect of hospital trial participation on pa-
tient survival is mediated through better adherence to treatment guidelines regarding chemotherapy
selection and surgical outcome. Thus, in the next step, the effects of research activity on the two binary
process variables “optimal surgery” and “optimal chemotherapy” were investigated. Odds ratios for
both outcomes were obtained from logistic regression models fitted with generalized estimating equa-
tions (GEE) to account for clustering of patients within hospitals (Hgjsgaard et al. 2006). The relation-
ship between adherence to treatment guidelines and survival was assessed by using Cox proportional
hazards model with robust variance estimator (Therneau 2013).

It is crucial to adjust for the potential confounders in the statistical models for the mediators and the
outcome. There is confounding in the exposure-outcome relationship if another variable is related to
the exposure that also has an influence on the outcome. For example, it is plausible to assume that
patients at higher age are less likely to seek care at specialized, research-active institutions, and may,
in turn, have a lower chance to receive the therapeutic standard treatment. An analysis that does not
take age into account would then be subject to unmeasured confounding in the exposure-mediator
relationship which would lead to artificially exaggerated mediator effects. Therefore, the above-men-
tioned prognostic factors were included into the models to adjust for known baseline confounders.
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Causal mediation analysis was performed by using the approach proposed by Lange et al. (2012). This
approach is based on the Neyman-Rubin counterfactual framework of causality (Splawa-Neyman 1990;
Rubin 1974; Rubin 2004). A counterfactual presents a potential outcome that would have happened
in the absence of the cause. For example, either an ovarian cancer patient was treated at a trial hospital
or not. However, one does not observe what would have happened to a patient had this patient not
been treated at a trial hospital, when she was; and one does not observe what would have happened
to a patient had she been treated at a trial hospital, when she was not. By its nature a counterfactual
is not observed in real data and, therefore, must be estimated. The approach proposed by Lange et al.
(2012) allows decomposition of the total effect of a given exposure A on the outcome Y into a natural
direct effect (A = Y in Figure 2) and a natural indirect effect through a mediator M (A > M = Y in
Figure 2). In case of a time-to-event outcome Y, a binary exposure A, a binary mediator M and a number
of baseline confounders C, Lange et al. (2012) showed that unbiased estimates for the direct and indi-
rect effect are obtained from a weighted Cox regression of the time-to-event outcome on A, A* and C
using a duplicated data set. In the first replication A* takes the original value of the exposure. In the
second replication A* takes the opposite (counterfactual) value of the exposure. The weights are de-
termined by

Wc = P(M | A*I C) / P(M | Ar C)r

with P( - ) deriving from a logistic regression of the mediator M on the exposure and the baseline
confounders (Lange et al. 2012, Appx. 4). Assuming non-informative censoring and proportional haz-
ards, the weighted Cox model yields hazard ratios for A and A* that serve as estimates for the natural
direct effect and the natural indirect effect, respectively. The product of the two hazard ratios yields
the hazard ratio for the total effect. Standard errors and confidence intervals can be determined using,
for example, bootstrap methods.

For the case of multiple mediators (e.g., like in the present study, with the two mediators optimal
surgery and optimal chemotherapy), the approach of Lange et al. (2012) is mathematically consistent
only in the absence of mediator-mediator interactions. Therefore, one cannot simply assume that the
two mediator effects are consistently estimated by running two analyses with a single mediator. It is
also crucial that the causal pathways are non-intertwined, that is, the mediators must not have causal
effects onto each other (see the “Extended sequential ignorability” condition of Lange et al. 2014,
Appx. 3). This assumption requires, among others, mutual conditional independence of the mediators,
given the exposure and the confounders. In the present study, this assumption was tested using a
logistic regression for Mediator 1 on the exposure and the baseline confounders, and then adding Me-
diator 2 as a further predictor. The odds ratio for Mediator 2 should ideally be close to unity (“non-
significant” with a narrow confidence interval, see Lange et al. 2014, Step 3).

As mentioned above, two potential binary mediators (surgery and chemotherapy) of the effect of hos-
pital research activity on survival are explored in the present thesis (Figure 3). Under the assumption
of separate, independent, causal pathways through the two mediators, unbiased point estimates for
the natural direct effect and the natural indirect effects related to the two mediators can be obtained
by a weighted Cox regression of the outcome on the exposure, the baseline confounders and two ad-
ditional counterfactual variables A;* and A,* that were systematically manipulated in four replicates
of the original data (based on Lange et al. 2014, Step 4).
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The main analyses were supported by various sensitivity analyses. These sensitivity analyses explored
the influence of two other institutional characteristics (hospital volume and care level) and also exam-
ined more recent definitions of adherence to treatment guidelines. Further sensitivity analyses were
carried out explicitly to examine assumptions underlying the causal mediation analysis. The multiple
pathways framework according to Lange et al. (2014) assumes that the two mediators are fulfilled
independently of each other, as well as that the two mediators operate separately of each other. Be-
cause it is generally difficult to test such assumptions within the same data set, sensitivity analyses
were performed to assess the robustness of the results. In the first sensitivity analysis, a single binary
mediator was used that reflected optimal adherence to treatment guidelines in the sense that both
the chemotherapy and surgery were optimal. In a second sensitivity analysis, the number of fulfilled
criteria was counted, that is, the mediator was again a single variable indicating whether none (neither
chemotherapy nor surgery), one (optimal chemotherapy or optimal surgery), or both criteria for treat-
ment adherence (optimal chemotherapy and optimal surgery) were met. Finally, in a last sensitivity
analysis, possible bias due to non-linear relationships and interactions between exposure, baseline
variables and mediators, as well as possible misclassification of the mediators were investigated.

All analyses were conducted in R version 3.1.2 (R Core Team 2013) and were performed according to
the intention-to-treat principle, meaning that data from all hospitals and their eligible patients are
included. Confidence intervals for mediation effects that account for clustering of patients within hos-
pitals were obtained using simple random cluster sampling and 10,000 bootstrap simulations. In all
analyses, results are considered statistically significant if the 95% confidence interval (Cl) for the hazard
ratio (HR) or odds ratio (OR) do not include 1 or two-sided P values are less than 0.05. Owing to the
exploratory character of QS-OVAR and because P values are reported without adjustment, all reported
statistics are to be interpreted in a strictly descriptive way and not in a confirmatory manner.
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Figure 3: Path diagram relating hospital research activity to two mediators and overall survival time
in the presence of known baseline confounders
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3 Results

In Phase 1 of each survey, all gynecological departments in Germany were asked to report the number
of newly diagnosed patients with epithelial ovarian cancer in the respective year, and about their mem-
bership in the two German study groups, AGO-OVAR and NOGGO. In the first cohort, 481 (43%) of the
1123 contacted hospitals provided the required information. Almost the same response rate was ob-
tained for the second cohort (469 of 1109 hospitals, 42%). Finally, more than half of the hospitals that
were invited to participate in QS-OVAR 2008 responded to the survey (507 of 974 hospitals, 52%). The
response rate in Phase 1 was positively correlated with hospital care level: The higher the care level of
the hospital was, the higher was the likelihood of response and participation in Phase 2 (Figure 4). For
example, in the last QS-OVAR 2008 cohort, all of the 36 contacted university hospitals responded to
the survey. For comparison, there were 61 responders from hospitals with centralized services (91%
of 67) and 113 responders from hospitals with specialized care (73% of 155). In contrast, only 41% of
the 716 primary care hospitals replied to the survey in 2008. Similarly, almost all of the university hos-
pitals but only about one third of the primary care hospitals responded to the survey in the first two
cohorts. Among responders there were up to 20% of hospitals in the primary care sector that had not
treated any ovarian cancer patients in the requested time period.

In Phase 2, the responding hospitals were asked to document all patients diagnosed with ovarian can-
cer in the third quarter of the respective year. This phase was initiated approximately one year after
diagnosis. Data from altogether 2120 patients were obtained in Phase 2. There was a remarkable in-
crease in the number of included patients and institutions over the years: QS-OVAR 2001 consisted of
476 patients from 165 hospitals, QS-OVAR 2004 included 763 patients from 245 hospitals, and QS-
OVAR 2008 contained data on 881 patients from 240 hospitals.
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Figure 4: Hospital care level in Phase 1 and Phase 2 of QS-OVAR by year of diagnosis
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3.1 Hospital characteristics

In each cohort of QS-OVAR, about 50% of the participating hospitals in Phase 2 were research-active
(“trial hospitals”, i.e., they participated in AGO or NOGGO trials before or during the third quarter of
the respective year). However, only 21% of patients treated in trial hospitals in 2001, 6% of patients in
trial hospitals in 2004, and 16% in trial hospitals in 2008 were actually enrolled in prospective random-
ized trials of the two study groups. The median number of annual ovarian cancer cases was 12 (IQR 8
to 20, range 1 to 90). There was a slight increase from 2001 to 2008 in the number of hospitals with at
least 12 patients per year. About 30% of the hospitals were university hospitals or hospitals with cen-
tralized services. Compared to Phase 1, a trend towards higher hospital care level was observed in
Phase 2 (see responder in Phase 1 vs. participants in Phase 2 in Figure 4). When looking at the partici-
pation of the individual hospitals in QS-OVAR over time, there was some overlap between the cohorts:
A total of 67 hospitals entered all three cohorts while 123 hospitals participated twice in the survey. In
contrast, 203 hospitals participated only once in QS-OVAR. With regard to the latter, 24% of the 203
hospitals were included only in the first cohort, 36% were included only in the second cohort and 40%
entered only the third cohort. Further information on hospital characteristics by year of diagnosis is
displayed in Table 2.

Table 2: Hospital characteristics

QS-OVAR 2001 QS-OVAR 2004 QS-OVAR 2008
(N = 165) (N = 245) (N = 240)

N (%) N (%) N (%)
Research activity
Trial hospital 80 (48.5) 121 (49.4) 114 (47.5)
Non-trial hospital 85 (51.5) 124 (50.6) 126 (52.5)
Volume
1-11 patients/year 81 (49.1) 106 (43.3) 97 (40.4)
12+ patients/year 84 (50.9) 139 (56.7) 143 (59.6)
Care level
University hospital 20 (12.1) 34 (13.9) 31 (12.9)
Hospital with centralized services 30 (18.2) 28 (11.4) 41 (17.1)
Hospital providing specialized care 43 (26.1) 82 (33.5) 78 (32.5)
Primary care hospital 72 (43.6) 101 (41.2) 90 (37.5)

Note: The numbers refer only to hospitals participating in Phase 2 of the respective QS-OVAR.

Bivariate analyses of hospital characteristics indicated that research activity was associated with both
higher hospital volume (Figure 5) and higher hospital care level (Figure 6). In particular, in the last
cohort, more than 80% of trial hospitals but only 40% of non-trial hospitals treated at least 12 patients
with ovarian cancer per year (Figure 5). In all three cohorts, about one fourth of the trial hospitals but
only 1 to 2% of non-trial hospitals had a university affiliation. In contrast, more than half of the non-
trial hospitals and less than 25% of the trial hospitals were primary care hospitals (Figure 6).
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Figure 5: Hospital research activity and hospital volume by year of diagnosis
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Figure 6: Hospital research activity and hospital care level by year of diagnosis
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3.2 Patient and disease characteristics

The median age at diagnosis of ovarian cancer for the entire study population of QS-OVAR was 65 years
(IQR 54 to 73), and 17% of the 2120 patients were diagnosed before the age of 50. The majority of the
patients (75%) were in good performance status (ECOG 0 or 1). Twenty-one percent of patients were
diagnosed with FIGO stage | ovarian cancer, 10% with FIGO stage Il, 55% with FIGO stage Ill, and 15%
with FIGO stage IV. The advanced stages of the disease (FIGO II1B—I1V) accounted for 77% of patients.
About 50% of the tumors were at least moderately differentiated. Serous tumors were the most com-
mon histologic subtype (67%), followed by endometrioid (10%) and mucinous (7%) tumors. In contrast,
clear-cell tumors were relatively rare (2%). Ascites of more than 500 ml occurred in 46% of patients.
Almost 30% of patients suffered from at least one relevant comorbid condition (e.g., cardiovascular
disorders, diabetes mellitus, gastrointestinal disorders, pulmonary disease, or chronic kidney disease).
Secondary malignancies were reported in 14% of patients. Among these, the most common were
breast cancer (41%), endometrial cancer (20%), and colon cancer (11%).

In general, the cohorts were quite similar with regard to patient and disease characteristics. Neverthe-
less, the following differences were noted: The patients appeared to get older with each cohort. The
percentages of elderly patients (age 65 and older) were 46% in 2001, 49% in 2004, and 53% in 2008.
In addition, the patients seemed to be diagnosed in more advanced stage of ovarian cancer and with
more high-grade tumors from cohort to cohort. In QS-OVAR 2001, about 74% of patients had FIGO
stage IIB or higher; the corresponding proportions in QS-OVAR 2004 and 2008 were 76% and 80%,
respectively. Similarly, there was a time trend towards higher-grade tumors: Grade 3 or 4 tumors were
observed in 45% of patients diagnosed in 2001 and in 46% in 2004, and in almost 57% of patients
diagnosed in 2008. Finally, the patients seemed to more likely present with relevant ascites and with
comorbidity at diagnosis over the years. While in 2001 about 40% of patients had ascites of more than
500 ml, the two later cohorts included 46% and 48% of patients with relevant ascites at the time of
diagnosis. In QS-OVAR 2001, 24% of the patients had at least one comorbid condition, the correspond-
ing proportions of patients in 2004 and 2008 were 27% and 33%, respectively.

Overall, 1258 of the 2120 patients (59%) included in the QS-OVAR program were treated in hospitals
participating in clinical trials. In the first cohort of QS-OVAR, 275 of 476 patients were treated in trial
hospitals (58%), in the second cohort these were 413 out of 763 patients (54%), and finally, in the third
cohort 570 out of 881 patients (65%) were treated in hospitals participating in clinical trials.

Table 3 summarizes the patient and disease characteristics by QS-OVAR cohort and hospital research
activity. Patients treated in trial hospitals were generally similar to patients treated in non-trial hospi-
tals. However, some imbalances were observed. For example, in the QS-OVAR 2001 cohort, patients
treated in trial hospitals had higher FIGO stages and poorer differentiated tumors than patients treated
in non-trial hospitals (i.e., 80% of patients in trial hospitals were diagnosed with FIGO stage IIB or higher
ovarian cancer compared to 66% of patients in non-trial hospitals; 50% of patients in trial hospitals had
G3 or G4 tumors compared to 39% of patients in non-trial hospitals). Similarly, the first two cohorts
included more patients with serous histology in trial hospitals than in non-trial hospitals. In contrast,
non-trial hospitals treated more patients with less favorable prognostic factors in QS-OVAR 2008. In
this latest cohort, there were more elderly patients and slightly more patients with worse ECOG per-
formance status in non-trial hospitals than in trial hospitals. Similarly, in 2008 the proportion of pa-
tients with ascites of more than 500 ml was higher in non-trial hospitals when compared to hospitals
participating in trials (for details, see Table 3).
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Table 3: Patient and disease characteristics

QS-OVAR 2001 hospitals QS-OVAR 2004 hospitals QS-OVAR 2008 hospitals
Trial Non-trial All Trial Non-trial All Trial Non-trial All
(N =275) (N=201) (N =476) (N=413) (N =350) (N=763) (N =570) (N =311) (N =2881)

Age in years

Median (IQR) 63 (54-73) 64 (53-73) 64 (54-73) 65 (55-73) 65 (55-74) 65 (55-73) 65 (53-73) 68 (55-74) 66 (54-73)
FIGO stage

IA, N (%) 22 (8.0) 28 (13.9) 50 (10.5) 37 (9.0) 36 (10.3) 73 (9.6) 56 (9.8) 26 (8.4) 82 (9.3)
IB 4 (1.5) 5 (2.5) 9 (1.9) 2 (0.5) 6 (1.7) 8 (1.0) 5 (0.9) 3 (1.0) 8 (0.9)
IC 24 (8.7) 32 (15.9) 56 (11.8) 45  (10.9) 35 (10.0) 80 (10.5) 48 (8.4) 27 (8.7) 75 (8.5)
A (2.2) (1.5) 9 (1.9) 11 (2.7) 11 (3.1) 22 (2.9) 12 (2.1) 4 (1.3) 16 (1.8)
. 6 22) 4 (200 10 (21) 12 (29) 11 (31) 23 (30) 20 (35 15 (48 35 (40)
Inc 11 (4.0) 10 (5.0) 21 (4.4) 9 (2.2) 19 (5.4) 28 (3.7) 20 (3.5) 17 (5.5) 37 (4.2)
A 10 (3.6) 3 (1.5) 13 (2.7) 8 (1.9) 2 (0.6) 10 (1.3) 12 (2.2) 3 (1.0) 15 (1.7)
B 12 (4.4) 23 (11.4) 35 (7.4) 23 (5.6) 26 (7.4) 49 (6.4) 30 (5.3) 18 (5.8) 48 (5.4)
lnc 144  (52.4) 75 (37.3) 219 (46.0) 194 (47.0) 139 (39.7) 333 (43.6) 286 (50.2) 156 (50.2) 442 (50.2)
v 36 (13.1) 18 (9.0) 54 (11.3) 72 (17.4) 65 (18.6) 137 (18.0) 81 (14.2) 42 (13.5) 123 (14.0)
ECOG performance status

0, N (%) 110 (40.0) 91 (45.3) 201 (42.2) 163 (39.5) 133 (38.0) 296 (38.8) 229 (40.2) 101 (32.5) 330 (37.5)
1 106 (38.5) 67 (33.3) 173 (36.3) 147 (35.6) 121 (34.6) 268 (35.1) 217  (38.1) 110 (35.4) 327 (37.1)
2 36 (131) 32 (159) 68 (143) 54 (131) 52 (149) 106 (13.9) 66 (11.6) 47 (151) 113 (12.8)
3 22 (8.0) 9 (4.5) 31 (6.5) 39 (9.4) 36 (10.3) 75 (9.8) 37 (6.5) 33 (10.6) 70 (7.9)
4 1 (0.4) 2 (1.0) 3 (0.6) 2 (0.5) 3 (0.9) 5 (0.7) 4 (0.7) 0 (0.0) 4 (0.5)
NA 0 (0.0) 0 (0.0) 0.0 (0.0) 8 (1.9) 5 (1.4) 13 (1.7) 17 (3.0) 20 (6.4) 37 (4.2)

Note: The dashed line indicates the boundary at which the variable was dichotomized in the prognostic models.



Table 3: Patient and disease characteristics

QS-OVAR 2001 hospitals QS-OVAR 2004 hospitals QS-OVAR 2008 hospitals
Trial Non-trial All Trial Non-trial All Trial Non-trial All
(N =275) (N=201) (N =476) (N=413) (N =350) (N=763) (N =570) (N=311) (N =2881)

Tumor grade

G4, N (%) 1 (0.4) 0 (0.0) 1 (0.2) 2 (0.5) 4 (1.1) 6 (0.8) 3 (0.5) 4 (1.3) 7 (0.8)
G3 136  (49.5) 78 (38.8) 214 (45.0) 190 (46.0) 158 (45.1) 348 (45.6) 321  (56.3) 171 (55.0) 492 (55.8)
G2 98 (356) 68 (33.8) 166 (349) 161 (39.0) 126 (36.0) 287 (37.6) 172 (30.2) 98 (31.5) 270 (30.6)
G1 33  (12.0) 31 (15.4) 64 (13.4) 26 (6.3) 29 (8.3) 55 (7.2) 38 (6.7) 17 (5.5) 55 (6.2)
GX 7 (2.5) 24 (11.9) 31 (6.5) 34 (8.2) 33 (9.4) 67 (8.8) 36 (6.3) 21 (6.8) 57 (6.5)
Histology

Serous, N (%) 196 (71.3) 133 (66.2) 329 (69.1) 277 (67.1) 204 (58.3) 481 (63.0) 397 (69.6) 219 (70.4) 616 (69.9)
‘Endometrioid 30 (10.9) 20 (10.0) 50 (10.5) 39  (9.4) 43 (123) 8 (107) 52 (9.1) 31 (100) 8  (9.4)
Mucinous 20 (7.3) 20 (10.0) 40 (8.4) 26 (6.3) 30 (8.6) 56 (7.3) 32 (5.6) 24 (7.7) 56 (6.4)
Other 29 (10.5) 28 (13.9) 57 (12.0) 71 (17.2) 73 (20.9) 144 (18.9) 89 (15.6) 37 (11.9) 126 (14.3)
Ascites

>500ml, N (%) 111 (40.4) 81 (40.3) 192 (40.3) 191 (46.2) 159 (45.4) 350 (45.9) 259  (45.4) 167 (53.7) 426 (48.4)
‘<s00ml 163 (59.3) 118 (58.7) 281 (59.0) 218 (52.8) 188 (53.7) 406 (53.2) 305 (535) 143 (460) 448 (50.9)
NA 1 (0.4) 2 (1.0) 3 (0.6) 4 (1.0) 3 (0.9) 7 (0.9) 6 (1.2) 1 (0.3) 7 (0.8)
Comorbidity

Present, N (%) 65 (23.6) 51 (25.4) 116 (24.4) 117 (28.3) 85 (24.3) 202 (26.5) 195 (34.2) 99 (31.8) 294 (33.4)
‘None 210 (76.4) 150 (746) 360 (756) 296 (71.7) 265 (757) 561 (735) 375 (658) 212 (68.2) 587 (66.6)
Second malignancy

Yes, N (%) 34 (12.4) 34 (16.9) 68 (14.3) 62 (15.0) 44 (12.6) 106 (13.9) 74  (13.0) 38 (12.2) 112 (12.7)
No 241 (87.6) 167 (83.1) 408 (857) 351 (85.0) 306 (87.4) 657 (86.1) 496 (87.0) 273 (87.8) 769 (87.3)

Note: The dashed line indicates the boundary at which the variable was dichotomized in the prognostic models.



3.3 Adherence to treatment guidelines

Adherence to treatment guidelines was defined as stage-appropriate surgery and chemotherapy (see
Section 2.1). Therefore, treatment data will be presented separately for patients with early-stage and
advanced-stage disease. Altogether, 488 patients were diagnosed with early (FIGO I-lIA) ovarian can-
cer: 124 patients in the first cohort, 183 patients in the second cohort, and 181 patients in the third
cohort of QS-OVAR. In contrast, 1632 patients had advanced (FIGO [IB—1V) ovarian cancer at the time
of diagnosis: 352 patients in QS-OVAR 2001, 580 patients in 2004, and 700 patients in 2008.

3.3.1 Adherence to surgical guidelines

3.3.1.1 Early-stage ovarian cancer

The surgical treatment standard for early ovarian cancer was defined as accurate staging including
vertical laparotomy, total abdominal hysterectomy, bilateral salpingo-oophorectomy with removal of
all tumor tissue, omentectomy, peritoneal sampling, cytology, as well as pelvic and para-aortic lymph
node staging (see Section 2.1 above). Please note, however, that total abdominal hysterectomy and
bilateral salpingo-oophorectomy were not considered mandatory in patients with highly differentiated
FIGO IA tumors and an option for fertility sparing surgery. Among the 488 patients diagnosed with
FIGO I-lIA ovarian cancer, 20 patients (4%) were younger than 50 years and had FIGO IA G1 tumors:
seven patients in 2001, 11 patients in 2004, and two patients in 2008.

Overall, only 102 of 488 patients (21%) with early-stage ovarian cancer received surgical staging that
would be considered “complete”. One staging step was missing in 108 (22%) patients, two staging
procedures were omitted in 96 (20%) patients, three staging steps were missing in 61 (13%) patients,
four in 50 (10%), five in 35 (7%), six in 21 (4%), seven in 10 (2%), and eight procedures were lacking in
four patients (1%). There was one patient without any staging of disease. When looking into single
staging procedures, some of them were more frequently missing than others. For example, surgical
lymph node staging was not done at all in 37% of the patients. Pelvic lymph node dissection was miss-
ing in 38% of patients, and para-aortal lymph node dissection was missing in even 57% of patients.
Two of the other most frequently omitted staging steps were peritoneal biopsies and cytology that
were not performed in 56% and 28% of patients, respectively. It is of note that both procedures neither
need special surgical skills nor are they associated with remarkable burden for the patient.

In QS-OVAR 2001, all of the required staging steps were done in only 6% of the 124 patients with early
ovarian cancer. This proportion increased to 19% in 2004 and to almost 34% in 2008. A similar positive
time trend was observed with regard to the weaker definition of adherence to staging guidelines for
FIGO I-IA that allowed omission of one staging step. According to this definition, staging with maxi-
mally one procedure missing was conducted in only 23% of patients in 2001. This proportion increased
to 39% in 2004 and to even 61% in 2008. When looking into single staging procedures by cohort, lymph
node staging was not done at all in almost half of the patients (47%) in 2001. This percentage decreased
t037% in 2004 and to 30% in 2008. In 2001, pelvic and para-aortic lymph node dissections were missing
in 49% and in 77% of patients, respectively. These percentages decreased to 37% and 63% in QS-OVAR
2004, and to 32% and 37% in QS-OVAR 2008, respectively. A similar positive time trend towards higher
completion rate was observed for peritoneal biopsies and cytology (for more details see Table 4A).
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Patients in trial hospitals had a slightly higher chance of receiving more complete staging than those
treated in hospitals not participating in trials (Table 4A, Figure 7). In QS-OVAR 2001, 5 of 56 patients
(9%) received complete surgical staging in trial hospitals and 2 of 68 patients (3%) in non-trial hospitals.
In 2004, these were 21 of 95 (22%) patients in trial hospitals compared to 13 of 88 patients (15%) in
non-trial hospitals. Finally, in 2008, 44 of 121 patients (36%) in trial hospitals and 17 of 60 patients
(28%) in non-trial hospitals were completely staged. When surgical staging with none or only one miss-
ing staging step was considered, positive effects of institutional participation in clinical trials were only
observed in the first and the last cohort. In 2001, staging with maximally one omitted procedure was
achieved in 32% of patients in trial hospitals compared to 15% in non-trial hospitals. The corresponding
percentages in 2008 were 65% in trial hospitals and 53% in non-trial hospitals, respectively. In contrast,
in QS-OVAR 2004, the percentage of patients with maximally one staging procedure missing was even
slightly lower in trial hospitals (36%) compared to non-trial hospitals (42%).
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Figure 7: Missing staging steps in early-stage ovarian cancer in trial and non-trial hospitals by year of
diagnosis

Figures 8 and 9 give an overview of the number of omitted staging steps according to hospital volume
and hospital care level. As can be seen from Figure 8, almost the same staging pattern as for hospital
research activity was observed for hospital volume. Patients in high-volume hospitals treating at least
12 patients per year had a higher chance of receiving more complete staging than patients treated in
low-volume hospitals. Similar effects were found when maximally one of the nine staging steps was
defined as acceptable to be omitted. As can be seen from Figure 9, the staging pattern was less clear
when hospital care level was evaluated. Even though, both complete staging and staging with maxi-
mally one procedure missing were done more frequently in university hospitals in all three QS-OVAR
cohorts, patients in hospitals providing specialized care also seemed to have a quite high chance of
receiving accurate staging, at least in 2004 and 2008.
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Figure 8: Missing staging steps in early-stage ovarian cancer in high-volume (12+ patients/year) and
low-volume (1-11 patients/year) hospitals by year of diagnosis
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Figure 9: Missing staging steps in early-stage ovarian cancer in university hospitals, hospitals with
centralized services and maximum care, hospitals providing specialized care and primary care hospi-
tals by year of diagnosis
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3.3.1.2 Advanced-stage ovarian cancer

Primary cytoreductive surgery is the treatment of choice for ovarian cancer. Because the result of this
surgery is an important and at the same time a modifiable prognostic factor, preferably no macroscopic
residual disease should be the surgical goal to achieve the best prognosis. In this thesis, tumor residuals

I”

up to 10 mm largest diameter were considered as “optimal” surgical outcome according to former
treatment guidelines. In addition, “complete debulking” was considered in sensitivity analysis to take
into account the more recent guidelines that define the primary objective of debulking surgery in FIGO

[IB—IV as the complete removal of all visible disease (see Section 2.1).

Complete debulking with no tumor residuals was achieved in altogether 38% of the 1632 patients with
FIGO stage IIB—1V (33% in 2001, 37% in 2004, and 42% in 2008). Tumor residuals between 1 and 10 mm
were left in 24% of patients (28% in 2001, 23% in 2004, and 23% in 2008). Postoperative tumor resid-
uals larger than 10 mm were left in 37% of patients (39% in 2001, 40% in 2004, and 35% in 2008). Four
patients in QS-OVAR 2004 were not treated surgically. In further analysis, these patients were handled
as if they had tumor residuals of more than 10 mm (for more details see Table 4B).

Figure 10 shows the surgical outcome in patients with advanced ovarian cancer treated in trial hospi-

I”

tals and non-trial hospitals. Debulking was more often “optimal” (i.e., no visible tumor or residuals
between 1 and 10 mm) in research-active hospitals. In QS-OVAR 2001, 46% of patients in non-trial
hospitals had tumor residuals larger than 10 mm in contrast to 34% of patients in trial hospitals, in QS-
OVAR 2004 these were 47% versus 35%, and in QS-OVAR 2008 the proportions were 43% in non-trial
hospitals and 30% in trial hospitals (see also Table 4B). Almost the same pattern was observed for
hospital volume: Patients in high-volume hospitals had a higher chance of receiving more complete
debulking than patients treated in low-volume hospitals (Figure 11). The pattern was again less con-

sistent for different hospital care levels (Figure 12).
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Figure 10: Surgical outcome in advanced-stage ovarian cancer in trial and non-trial hospitals by year
of diagnosis
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Figure 11: Surgical outcome in advanced-stage ovarian cancer in high-volume (12+ patients/year) and

low-volume (1-11 patients/year) hospitals by year of diagnosis

2001

100
|

%

2004

2008

Residual tumor
O >10mm
0O 1-10 mm
B 0Omm

Figure 12: Surgical outcome in advanced-stage ovarian cancer in university hospitals, hospitals with

centralized services and maximum care, hospitals providing specialized care and primary care hospi-

tals by year of diagnosis
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3.3.1.3 Model for adherence to surgical guidelines

In the next step, the effect of hospital research activity on the appropriateness of surgery was investi-
gated in more detail. Optimal staging in FIGO I-lIA and optimal debulking in FIGO IIB-IV were used as
outcome for the primary analysis. In a sensitivity analysis, the stronger “complete” definition of surgery
with all nine staging steps done in early-stage disease and with complete removal of all visible tumor
in advanced-stage ovarian cancer was considered (see Section 3.5). Logistic regression models were
fitted with generalized estimating equations (GEE) to account for clustering of patients within hospi-
tals. Patients of all stages of disease were pooled within cohorts and the predictors of adherence to
surgical treatment guidelines were determined for each of the three QS-OVAR cohorts. In addition to
trial participation at hospital level, baseline covariates at patient level were stage of disease (FIGO |-
[IA vs. FIGO IIB—1V), patient age at diagnosis (continuous, in units of 5 years), ECOG performance status
(>1 vs. 0/1), clinically relevant amount of ascites (> 500 ml vs. < 500 ml), comorbidity (present vs.
none), tumor histology (serous vs. other), and tumor grade (G3/4 vs. G1/2).

Table 5 shows the predictors of optimal surgical outcome. It presents the total number of patients for
each predictor category, the number of patients for whom an optimal surgical outcome according to
guidelines was achieved, and odds ratios with their 95% confidence intervals from logistic regression
models. In all three QS-OVAR cohorts, the patients who were treated in trial hospitals were significantly
more likely to receive optimal surgical treatment than those patients who were treated in non-trial
hospitals. The adjusted odds ratios were 1.83 (95% Cl 1.14 to 2.93) in QS-OVAR 2001, and 1.44 in QS-
OVAR 2004 (95% ClI 1.02 to 2.03) as well as in QS-OVAR 2008 (95% Cl 1.00 to 2.07). Patients with ad-
vanced-stage disease (FIGO IIB or higher) were more likely to receive optimal surgical treatment than
patients with early stage of disease (FIGO IIA or lower). Patient age at diagnosis, performance status,
and presence of ascites turned out to be important independent predictors of adherence to surgical
guidelines. Compared to younger patients, older patients were significantly less likely to be optimally
treated surgically. Similarly, worse performance status and clinically relevant amount of ascites were
negatively associated with optimal surgical treatment in all three cohorts of QS-OVAR. Finally, a nega-
tive relationship between surgical outcome and predictor was observed for women with comorbid
conditions.
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Table 4A: Staging in FIGO I-lIA ovarian cancer

QS-OVAR 2001 hospitals QS-OVAR 2004 hospitals QS-OVAR 2008 hospitals

Staging Trial Non-trial All Trial Non-trial All Trial Non-trial All

(N =56) (N = 68) (N = 124) (N =95) (N =88) (N =183) (N =121) (N = 60) (N =181)
Missing steps
Vertical laparotomy, N (%) 9 (16.1) 13 (19.1) 22 (17.7) 9 (9.5) 12 (13.6) 21 (11.5) 5 (4.1) 3 (5.0) 8 (4.4)
Total abdominal hysterectomy” 7 (12.5) 8 (11.8) 15 (12.1) 8 (8.4) 4 (4.5) 12 (6.6) 8 (6.6) 9 (15.0) 17 (9.4)
Bilateral salpingo-oophorectomy” 4 (7.1) 6 (8.8) 10 (8.1) 3 (3.2) 3 (3.4) 6 (3.3) 2 (1.7) 2 (3.3) 4 (2.2)
Removal of all tumor tissue 1 (1.8) 7 (10.3) 8 (6.5) 2 (2.1) 3 (3.4) 5 (2.7) 7 (5.8) 1 (1.7) 8 (4.4)
Omentectomy 15 (26.8) 18 (26.5) 33 (26.6) 18 (18.9) 14 (15.9) 32 (17.5) 13 (10.7) 13 (21.7) 26 (14.4)
Peritoneal sampling 33 (58.9) 52 (76.5) 85 (68.5) 57 (60.0) 49 (55.7) 106 (57.9) 49 (40.5) 31 (51.7) 80 (44.2)
Cytology 13 (23.2) 31 (45.6) 44 (35.5) 32 (33.7) 18 (20.5) 50 (27.3) 27 (22.3) 14 (23.3) 41 (22.7)
Pelvic lymph node dissection 25 (44.6) 35 (51.5) 60 (48.4) 34 (35.8) 33 (37.5) 67 (36.6) 32 (26.4) 25 (41.7) 57 (31.5)
Para-aortic lymph node dissection 37 (66.1) 58 (85.3) 95 (76.6) 60 (63.2) 56 (63.6) 116 (63.4) 38 (31.4) 29 (48.3) 67 (37.0)
Completeness
?%f)tepsmissmg("comp'em")"v 5 (89) 2 (2.9 7 (5.6) 21 (22.1) 13 (14.8) 34 (18.6) 44 (36.4) 17 (283) 61 (33.7)
1 step missing 13 (23.2) 8 (11.8) 21 (16.9) 13 (13.7) 24 (27.3) 37 (20.2) 35 (28.9) 15 (25.0) 50 (27.6)
2+ steps missing 38 (67.9) 58 (85.3) 96 (77.4) 61 (64.2) 51 (58.0) 112 (61.2) 42 (34.7) 28 (46.7) 70 (38.7)
Note: "Not mandatory in patients < 50 years with FIGO IA G1 tumors.

Table 4B: Surgical debulking in FIGO 1IB—IV ovarian cancer
QS-OVAR 2001 hospitals QS-OVAR 2004 hospitals QS-OVAR 2008 hospitals

Debulking (tumor residual) Trial Non-trial All Trial Non-trial All Trial Non-trial All

(N=219)  (N=133) (N =352) (N =318) (N =262) (N = 580) (N = 449) (N =251) (N = 700)
0 mm (“complete”), N (%) 74 (33.8) 43 (32.3) 117 (33.2) 122 (38.4) 93 (35.5) 215 (37.1) 201 (44.8) 94 (37.5) 295 (42.1)
1to 10 mm 70 (32.0) 29 (21.8) 99 (28.1) 85 (26.7) 46 (17.6) 131 (22.6) 113 (25.2) 50 (19.9) 163 (23.3)
>10 mm 75 (34.2) 61 (45.9) 136 (38.6) 109 (34.3) 121 (46.2) 230 (39.7) 135 (30.1) 107 (42.6) 242 (34.6)

No surgery 0 (000 0 (0.0) 0 (0.0) 2 (0.6) 2 (0.8) 4 (0.7) 0 (0.0) 0 (0.0) 0 (0.0)




Table 5: Predictors of optimal surgery*

QS-OVAR 2001

QS-OVAR 2004

QS-OVAR 2008

Total Adhered (%) OR 95% ClI Total Adhered (%) OR 95% ClI Total Adhered (%) OR 95% ClI
Research Activity
Non-trial hospital 201 82 (40.8) 1 Reference 350 176 (50.3) 1 Reference 311 176 (56.6) 1 Reference
Trial hospital 275 162 (58.9) 1.83 1.14t02.93 413 241 (58.4) 1.44 1.02to2.03 570 393 (68.9) 1.44 1.00to 2.07
FIGO stage
—lA 124 28 (22.6) 1 Reference 183 71 (38.8) 1 Reference 181 111 (61.3) 1 Reference
[1B—IV 352 216 (61.4) 11.88 5.81to024.27 580 346 (59.7) 5.39 3.33t08.74 700 458 (65.4) 3.11 1.94to05.00
Age (continuous)
per 5 years 476 244 (51.3) 0.85 0.78t00.93 763 417 (54.7) 0.84 0.78t00.90 881 569 (64.6) 0.80 0.75t00.87
ECOG performance
0/1 374 212 (56.7) 1 Reference 564 344 (61.0) 1 Reference 657 479 (729) 1 Reference
>1 102 32 (31.4) 0.40 0.22t00.74 199 73 (36.7) 0.51 0.34t00.77 224 90 (40.2) 0.45 0.30t00.69
Ascites
<500 ml 284 150 (52.8) 1 Reference 413 245 (59.3) 1 Reference 455 347 (76.3) 1 Reference
> 500 ml 192 94 (49.0) 0.45 0.28t00.73 350 172 (49.1) 0.41 0.28t00.61 426 222 (52.1) 0.25 0.18t00.35
Comorbidity
None 360 198 (55.0) 1 Reference 561 334 (59.5) 1 Reference 587 414 (70.5) 1 Reference
Present 116 46 (39.7) 0.73 0.42to01.27 202 83 (41.1) 0.63 0.43t00.93 294 155 (52.7) 0.71 0.49t01.01
Histology
Other 147 71 (48.3) 1 Reference 282 153 (54.3) 1 Reference 265 165 (62.3) 1 Reference
Serous 329 173 (52.6) 0.84 0.51t01.39 481 264 (54.9) 0.77 0.54t01.08 616 404 (65.6) 1.25 0.86to0 1.83
Grade
G1/G2 261 125 (479) 1 Reference 409 216 (52.8) 1  Reference 382 243 (63.6) 1 Reference
G3/G4 215 119 (55.3) 0.96 0.60to1.54 354 201 (56.8) 1.07 0.77to 1.49 499 326 (65.3) 1.01 0.73t0 1.39

Note: *Optimal surgery: max. 1 missing staging item (FIGO I-IIA)/max. 10 mm tumor residual (FIGO IIB—IV)



3.3.2 Adherence to chemotherapy guidelines

3.3.2.1 Early-stage ovarian cancer

Adjuvant platinum-based chemotherapy was regarded standard care for patients with early ovarian
cancer, except for patients with FIGO IA G1 tumors. Altogether, 50 patients had highly differentiated
FIGO IA tumors and should, therefore, not have received any chemotherapy. In line with this recom-
mendation, 45 patients were not treated chemotherapeutically (Table 6A). Nevertheless, two patients
in 2001 and three patients in 2004 with FIGO IA G1 tumors received some chemotherapy and were
thus considered as overtreated against guidelines. Of the remaining 438 patients with early-stage dis-
ease who fulfilled the criteria for adjuvant chemotherapy, only 310 (71%) actually received platinum-
based treatment (64% of patients in 2001, 68% in 2004, and 78% in 2008, Table 6B). Non-platinum
chemotherapy was administered to a total of seven patients. Finally, 121 patients did not receive any
adjuvant chemotherapy (35% of patients in 2001, 30% in 2004, and 21% in 2008). Taken together, 355
(73%) of the 488 patients with early-stage disease were treated according to chemotherapy guidelines.
The proportion of patients receiving chemotherapy standard increased from 68% and 69% in 2001
respectively 2004 to 80% in QS-OVAR 2008.

Figure 13 shows the adherence to chemotherapy guidelines for early ovarian cancer according to in-
stitutional research activity by QS-OVAR cohort. In the first two cohorts, patients in trial hospitals
seemed to have a slightly higher chance of being treated according to guidelines than patients in non-
trial hospitals (71% vs. 65% in QS-OVAR 2001, 73% vs. 66% in QS-OVAR 2004). However, in QS-OVAR
2008, there was no apparent difference between trial and non-trial hospitals in administration of
chemotherapy (see also Table 6A/B).
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Figure 13: Chemotherapy in early-stage ovarian cancer in trial and non-trial hospitals by year of
diagnosis
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Patients in high-volume hospitals received chemotherapy standard more often than patients in low-
volume hospitals but the effects were only observed in two of the three cohorts (Figure 14). Finally,
the pattern was even less consistent when adherence to chemotherapy guidelines was assessed for
different hospital care levels (Figure 15).
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Figure 14: Chemotherapy in early-stage ovarian cancer in high-volume (12+ patients/year) and low-
volume (1-11 patients/year) hospitals by year of diagnosis
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Figure 15: Chemotherapy in early-stage ovarian cancer in university hospitals, hospitals with central-
ized services and maximum care, hospitals providing specialized care and primary care hospitals by
year of diagnosis
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3.3.2.2 Advanced-stage ovarian cancer

Traditionally, ovarian cancer has been treated with platinum-based drugs. Cisplatin followed by car-
boplatin-based combinations with taxanes have been the chemotherapy standard for advanced ovar-
ian cancer for more than 20 years. Accordingly, in this thesis, any combination of platinum and taxane
was considered adherent to treatment guidelines in patients with FIGO stage 11B-IV disease.

Of the 1632 patients with advanced-stage disease, 231 (14%) did not receive any chemotherapy. A
platinum—taxane combination was administered to 83% of the 1401 patients with chemotherapy.
Among the patients with chemotherapy, the proportion of patients receiving platinum-taxane chem-
otherapy increased slightly from 78% in 2001 to 83% in 2004 and 87% in 2008. Platinum only was given
to a total of 13% of patients with chemotherapy (16% in 2001, 13% in 2004, and 11% in 2008), and
about 4% of the patients with chemotherapy received other agents as first-line chemotherapy. Alto-
gether, 72% of the 1632 patients with advanced ovarian cancer were treated according to chemother-
apy guidelines: 66% in 2001, 70% in 2004, and 76% in 2008.

In all three cohorts, patients in trial hospitals had a higher chance of receiving the therapeutic standard
(platinum-taxane chemotherapy) compared to patients in hospitals not participating in clinical studies
(70% vs. 59% in QS-OVAR 2001, 75% vs. 65% in 2004, and 77% vs. 73% in 2008, see Table 6C, Figure
16). However, here again, the pattern was less consistent for the other two institutional characteristics,
hospital volume and hospital care level (Figures 17 and 18).
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Figure 16: Chemotherapy in advanced-stage ovarian cancer in trial and non-trial hospitals by year of
diagnosis
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Figure 17: Chemotherapy in advanced-stage ovarian cancer in high-volume (12+ patients/year) and
low-volume (1-11 patients/year) hospitals by year of diagnosis
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Figure 18: Chemotherapy in advanced-stage ovarian cancer in university hospitals, hospitals with
centralized services and maximum care, hospitals providing specialized care and primary care hospi-
tals by year of diagnosis
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3.3.2.3 Model for adherence to chemotherapy guidelines

In the next step, the effect of hospital research activity on the appropriateness of chemotherapy was
explored in more detail. Adjuvant platinum-based chemotherapy was regarded standard care for pa-
tients with FIGO stage I-IlA ovarian cancer, except for patients with FIGO 1A G1 tumors who should not
receive chemotherapy at all. For advanced-stage ovarian cancer, any combination containing car-
boplatin and paclitaxel was considered chemotherapy standard. Logistic regression models were fitted
with generalized estimating equations (GEE) to account for clustering of patients within hospitals.
Again, patients of all stages of disease were pooled and the predictors of adherence to treatment
guidelines were determined for each of the three QS-OVAR cohorts. The same baseline covariates were
used as for modeling adherence to surgical guidelines: stage of disease (FIGO I-IIA vs. FIGO IIB-IV),
patient age at diagnosis (continuous, in units of 5 years), ECOG performance status (> 1 vs. 0/1), clini-
cally relevant amount of ascites (> 500 ml vs. < 500 ml), comorbidity (present vs. none), histology (se-
rous vs. other), and grade (G3/4 vs. G1/2).

Table 7 shows the impact of institutional research activity on the patient’s likelihood of receiving guide-
line-adherent chemotherapy after adjustment for potential baseline confounders. Treatment in a trial
hospital seemed to be associated with standard chemotherapy when compared to treatment in a non-
trial hospital in two of the three cohorts. In QS-OVAR 2004, the adjusted odds ratio in favor of trial
hospitals was 1.65 (95% Cl 1.11 to 2.45). Even though statistically non-significant, a similar result was
observed in the first cohort (OR = 1.58, 95% ClI 0.99 to 2.52). In contrast, no positive effect of institu-
tional research activity was visible in QS-OVAR 2008 (OR = 0.93, 95% Cl 0.65 to 1.33). Similar to the
pattern observed for surgery, and consistent among all three QS-OVAR cohorts, older age and worse
performance status were found to be predictors of receiving suboptimal chemotherapy treatment. In
all three cohorts, women with comorbid conditions were significantly less likely to be optimally treated
with chemotherapy compared to women without comorbidities.
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Table 6A: Chemotherapy in FIGO IA G1 ovarian cancer

QS-OVAR 2001 hospitals QS-OVAR 2004 hospitals

QS-OVAR 2008 hospitals

ch th T Trial Non-trial All Trial Non-trial All Trial Non-trial All
emotherapy (CT) (N=8) (N =12) (N = 20) (N =11) (N=9) (N = 20) (N=7) (N =3) (N = 10)

No CT (standard), N (%) 7 (875) 11 (91.7) 18 (95.0) 10 (90.9) 7 (77.8) 17 (85.0) 7 (100.0) 3 (100.0) 10 (100.0)

CT (overtreatment) 1(125) 1 (83) 2 (5.0) 1 (9.1) 2 (22.2) 3 (15.0) 0 (0.0) 0 (0.0 0 (0.0

Table 6B: Chemotherapy in FIGO IA G2+ and IB-IIA ovarian cancer

QS-OVAR 2001 hospitals QS-OVAR 2004 hospitals

QS-OVAR 2008 hospitals

Chemotherapy (CT) Trial Non-trial All Trial Non-trial All Trial Non-trial All
it (N = 48) (N = 56) (N =104) (N =84) (N=79) (N =163) (N=114) (N =57) (N=171)

Pt-based CT (standard), N (%) 33 (68.8) 33 (58.9) 66 (63.5) 59 (70.2) 51 (64.6) 110 (67.5) 89 (78.1) 45 (78.9) 134 (78.4)

Other CT (substandard) 2 (42) 0 (0.0 2 (19 1 (12) 3 (3.8) 4 (2.5) 0 (0.0 1 (1.8) 1 (0.6)

No CT (nonstandard) 13 (27.1) 23 (41.1) 36 (34.6) 24 (28.6) 25 (31.6) 49 (30.1)

25 (21.9) 11 (19.3) 36 (21.1)

Table 6C: Chemotherapy in FIGO IIB-IV ovarian cancer

QS-OVAR 2001 hospitals QS-OVAR 2004 hospitals

QS-OVAR 2008 hospitals

Chemotherapy (CT) Trial Non-trial All Trial Non-trial All Trial Non-trial All
(N=219) (N=133) (N =352) (N=318) (N=262) (N =580) (N =449) (N=251) (N =700)
Pt + Taxan (standard), N (%) 153 (69.9) 79 (59.4) 232 (65.9) 238 (74.8) 169 (64.5) 407 (70.2) 346 (77.1) 183 (72.9) 529 (75.6)
Pt without Taxan 23 (10.5) 24 (18.0) 47 (13.4) 32 (10.1) 34 (13.0) 66 (11.4) 30 (6.7) 35 (13.9) 65 (9.3)
CT without Pt 12 (5.5) 8 (6.0) 20 (5.7) 8 (2.5) 10 (3.8) 18 (3.1) 11 (2.4) 6 (2.4) 17 (2.4)
No CT 31 (14.2) 22 (16.5) 53 (15.1) 40 (12.6) 49 (18.7) 89 (15.3) 62 (13.8) 27 (10.8) 89 (12.7)

Note: Pt = Platinum



Table 7: Predictors of optimal chemotherapy*

QS-OVAR 2001

QS-OVAR 2004

QS-OVAR 2008

Total Adhered (%) OR 95% ClI Total Adhered (%) OR 95% ClI Total Adhered (%) OR 95% ClI
Research Activity
Non-trial hospital 201 123 (61.2) 1 Reference 350 227 (64.9) 1  Reference 311 231 (74.3) 1 Reference
Trial hospital 275 193 (70.2) 1.58 0.99to 2.52 413 307 (74.3) 1.65 1.11to2.45 570 442 (77.5) 0.93 0.65to01.33
FIGO stage
I-1A 124 84 (67.7) 1 Reference 183 127 (69.4) 1 Reference 181 144 (79.6) 1 Reference
11B-IV 352 232 (65.9) 1.01 0.56to01.84 580 407 (70.2) 1.29 0.80to 2.08 700 529 (75.6) 0.73 0.43t01.23
Age (continuous)
per 5 years 476 316 (66.4) 0.75 0.661t00.85 763 534 (70.0) 0.75 0.681t00.83 881 673 (76.4) 0.69 0.61t00.78
ECOG performance
0/1 374 284 (759) 1 Reference 564 448 (79.4) 1 Reference 657 558 (849) 1 Reference
>1 102 32 (31.4) 0.28 0.16t00.50 199 86 (43.2) 0.37 0.24t00.57 224 115 (51.3) 0.35 0.23t00.53
Ascites
<500 ml 284 189 (66.5) 1 Reference 413 292 (70.7) 1 Reference 455 352 (77.4) 1 Reference
> 500 ml 192 127 (66.1) 1.28 0.81t02.01 350 242 (69.1) 1.13 0.75to0 1.69 426 321 (75.4) 1.35 0.95t01.92
Comorbidity
None 360 267 (74.2) 1 Reference 561 438 (78.1) 1 Reference 587 497 (84.7) 1 Reference
Present 116 49 (42.2) 0.55 0.34t00.87 202 96 (47.5) 0.45 0.29t00.71 294 176 (59.9) 0.51 0.36t00.73
Histology
Other 147 92 (62.6) 1 Reference 282 185 (65.6) 1 Reference 265 200 (75.5) 1 Reference
Serous 329 224 (68.1) 1.38 0.84t02.28 481 349 (72.6) 1.27 0.891t01.83 616 473 (76.8) 1.22 0.78to0 1.90
Grade
G1/G2 261 169 (64.8) 1 Reference 409 278 (68.0) 1 Reference 382 284 (743) 1 Reference
G3/G4 215 147 (68.4) 1.39 0.88t02.19 354 256 (72.3) 1.59 1.09t02.32 499 389 (78.0) 1.31 0.89t01.93

Note: *Optimal chemotherapy: Platinum-based (FIGO I-HIA, except for FIGO IA G1)/Platinum-taxane (FIGO IIB-IV)



3.4 Survival

The survival information was collected yearly for at least three years after diagnosis in QS-OVAR 2001.
In the next two cohorts, the minimum follow-up was extended to four years. Consistent with standard
practice in survival studies, the minimum follow-up time refers to the last patient included. The reverse
Kaplan-Meier estimates of median follow-up were 35.1 months for the first cohort, 51.7 months for
the second cohort, and 48.5 months for the last cohort. During these follow-up periods, a total of 199
patients out of 476 died in QS-OVAR 2001, 395 of 763 patients died in QS-OVAR 2004, and 451 of 881
patients died in QS-OVAR 2008. Figure 19 shows the Kaplan-Meier estimates of survival in the three
cohorts. The estimated median survival times were 37.1 months in QS-OVAR 2001, 44.8 months in QS-
OVAR 2004, and 43.5 months in QS-OVAR 2008. The 1-year survival rates were similar among all three
cohorts: 82% in the first cohort, 81% in the second cohort and 83% in the third cohort. The correspond-
ing 3-year survival rates were 54%, 56%, and 57%, respectively.

During the follow-up, only 15 deaths occurred in the 124 patients with early ovarian cancer in the first
cohort. Similarly, only 24 of the 183 patients with FIGO stage I-IIA died in the second cohort. Finally,
41 of the 181 patients with FIGO stage I-lIA died in QS-OVAR 2008. Consequently, for early-stage ovar-
ian cancer, the median was not reached at the time of analysis in any of the three cohorts. Instead,
most deaths occurred in patients with advanced ovarian cancer: In the first cohort, 184 of the 352
patients with FIGO stage IIB—IV died, in the second cohort these were 371 of the 580 patients, and in
the last cohort 410 of the 700 patients with FIGO stage 11B—IV died. The median survival times for pa-
tients with FIGO stage IIB or higher were 31.0 months in QS-OVAR 2001, 29.7 months in QS-OVAR
2004, and 36.2 months in QS-OVAR 2008. The 1-year survival rates were 78% in the first cohort, 76%
in the second cohort and 80% in the third cohort, respectively. The 3-year survival rates were 43% in
QS-OVAR 2001, 45% in QS-OVAR 2004, and 50% in QS-OVAR 2008, respectively.
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Figure 19: Survival in the three QS-OVAR cohorts (time axis in months). The numbers of patients at
risk is shown below the time axis.
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3.4.1 Adherence to treatment guidelines and survival

One main question of the thesis was whether the hypothesized effect of hospital trial participation on
patient survival is mediated through better adherence to treatment guidelines with regard to surgery
and chemotherapy. Therefore, the impact of the two variables representing adherence to surgical and
chemotherapy treatment guidelines on survival was investigated in more detail.

When all three cohorts were taken together for descriptive analysis, 506 deaths were observed among
the 1230 patients optimally treated surgically and 539 deaths were observed among the 890 patients
who were not treated in accordance to surgical guidelines; the latter meaning that patients were either
not optimally staged or had tumor residuals of more than 10 mm after surgery. Optimally treated pa-
tients had considerably longer survival than patients who did not receive the optimal surgical treat-
ment (median 52.9 months vs. 27.1 months). In the first two cohorts, the median survival time for
optimally treated patients was not reached at the time of analysis, whereas the median survival time
in non-optimally treated patients was 34.7 months in QS-OVAR 2001 and 25.9 months in QS-OVAR
2004. In QS-OVAR 2008, the median survival time was 52.3 months for optimally treated patients and
22.2 months for patients who received suboptimal surgical treatment. Figure 20 shows the corre-
sponding Kaplan-Meier survival curves by stage of disease and cohort. As can be seen from this figure,
the pattern was quite consistent for patients with early and advanced ovarian cancer in all three co-
horts with higher survival rates for patients treated according to surgical guidelines.

Similar results were observed with regard to adherence to chemotherapy guidelines. In the pooled
cohorts, 642 deaths were observed among the 1523 patients who were treated according to chemo-
therapy guidelines and 403 deaths were observed among the 597 patients with non-optimal chemo-
therapy; the latter including those few patients without chemotherapy despite treatment recommen-
dations. As with surgery, patients treated according to chemotherapy guidelines had considerably
longer survival than patients who did not receive the appropriate chemotherapy (median 52.3 months
vs. 18.1 months). This pattern was consistent in all three cohorts. In the first two cohorts, the median
survival time for optimally treated patients was not reached, whereas the median survival time in non-
optimally treated patients was 22.3 months in QS-OVAR 2001 and 16.9 months in QS-OVAR 2004. In
the third cohort, the median survival time was 50.5 months for optimally treated patients and 15.6
months for patients who did not receive the optimal chemotherapeutic treatment. The picture re-
mained the same when patients with early and advanced ovarian cancer were considered separately
(Figure 21).

Multivariable Cox models confirmed the findings described above. In these models, relevant patient
and disease characteristics as well as clustering of patients into hospitals were controlled for. Guideline
adherence to both surgery and chemotherapy showed substantial beneficial effect on patient survival
(Table 8). In all three QS-OVAR cohorts, the risk of death was reduced by around 50% when patients
were treated in accordance to the surgical guidelines. Similarly, patients treated optimally with regard
to chemotherapy had a risk reduction of about 50% compared to patients who were not optimally
treated chemotherapeutically.
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Figure 20: The relationship of patient survival and optimality of surgery (for early-stage and late-stage ovarian cancer)
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Table 8: Survival depending on guideline adherence

QS-OVAR 2001

QS-OVAR 2004

QS-OVAR 2008

Total Deaths HR 95% Cl Total Deaths HR 95% Cl Total Deaths HR 95% Cl
Optimal surgery*
No 232 111 1 Reference 346 210 1 Reference 312 218 1 Reference
Yes 244 88 0.45 0.34t0 0.60 417 185 0.55 0.43t00.69 569 233 0.53 0.43t0 0.66
Optimal chemotherapy**
No 160 102 1 Reference 229 156 1 Reference 208 145 1 Reference
Yes 316 97 0.44 0.30to 0.64 534 239 0.53 0.40to0 0.70 673 306 0.48 0.36 to 0.65
FIGO stage
I-11A 124 15 1 Reference 183 24 1 Reference 181 41 1 Reference
[1B—IV 352 184 7.28 3.91t0 13.56 580 371 7.46 4.62t012.03 700 410 2.90 2.03t04.14
Age (continuous)
per 5 years 476 199 1.13 1.04to0 1.22 763 395 1.07 1.02to 1.13 881 451 1.02 0.97 to 1.07
ECOG performance
0/1 374 126 1 Reference 564 239 1 Reference 657 286 1 Reference
>1 102 73 1.55 1.05t02.28 199 156 1.58 1.21to0 2.06 224 165 1.49 1.18t0 1.88
Ascites
<500 ml 284 88 1 Reference 413 142 1 Reference 455 160 1 Reference
> 500 ml 192 111 1.51 1.07to2.14 350 253 1.83 1.43t02.34 426 291 1.87 1.47 to0 2.37
Comorbidity
None 360 122 1 Reference 561 250 1 Reference 587 269 1 Reference
Present 116 77 1.41 1.02t0 1.97 202 145 1.58 1.22t0 2.06 294 182 1.27 1.02to 1.59
Histology
Other 147 47 1 Reference 282 138 1 Reference 265 109 1 Reference
Serous 329 152 1.24 0.85t01.79 481 257 0.87 0.67to1.11 616 342 0.97 0.76 t0 1.24
Grade
G1/G2 261 89 1 Reference 409 189 1 Reference 382 168 1 Reference
G3/G4 215 110 1.05 0.77t01.42 354 206 0.92 0.75t01.14 499 283 1.04 0.85t0 1.25

Note: *max. 1 missing staging item (FIGO I-IlA)/max.10 mm tumor residual (FIGO IIB-IV); **Platinum-based (FIGO I-lIA, except for FIGO IA G1)/Platinum-taxane (FIGO 1I1B—IV)



3.4.2 Hospital research activity and survival

Overall, patients in trial hospitals had longer survival than patients treated in non-trial hospitals (me-
dian 45.0 months vs. 41.6 months) with 601 deaths observed among the 1258 patients in trial hospitals
compared to 444 deaths observed among the 862 patients in non-trial hospitals. However, the picture
was inconsistent across cohorts. In QS-OVAR 2001, the median survival was not reached for patients
treated in trial hospitals, whereas it was 37.1 months for patients in non-trial hospitals. Similarly, in
QS-OVAR 2008, the median survival time was longer for patients treated in trial hospitals compared to
patients treated in non-trial hospitals (47.7 months vs. 38.9 months). In contrast, in QS-OVAR 2004,
the median survival time for patients in trial hospitals was even shorter than that for patients treated
in non-trial hospitals (40.7 vs. 46.9 months). Figure 22 shows the Kaplan-Meier survival curves for pa-
tients in trial hospitals versus patients in non-trial hospitals by stage of disease and QS-OVAR cohort.
Here, a clear beneficial effect of institutional trial participation on survival was observed only in pa-
tients with advanced ovarian cancer in QS-OVAR 2001 (bottom left panel).

Multivariable analysis confirmed the findings described above. Table 9 shows the predictors of survival
including institutional research activity as well as the known relevant patient and disease characteris-
tics. It presents the total number of patients for each predictor category, the number of deaths, and
hazard ratios with their 95% confidence intervals from multivariable Cox regression models that were
adjusted for clustering of patients into hospitals. In QS-OVAR 2001, the patients treated in trial hospi-
tals had significantly longer survival than those patients treated in non-trial hospitals (hazard ratio 0.56
with 95% Cl 0.42 to 0.76). However, in the following two QS-OVAR cohorts, no such beneficial effect
of hospital trial participation was detected. The corresponding hazard ratios for trial hospitals versus
non-trial hospitals were 1.18 (95% CI 0.93 to 1.50) in QS-OVAR 2004 and 0.97 (95% Cl 0.80 to 1.17) in
QS-OVAR 2008, respectively.

Patients with FIGO Stage 1IB—IV had a higher risk of death than patients with FIGO Stage I-IIA. Similarly,
older patients, patients with worse ECOG performance status, ascites over 500 ml, and comorbidity
had a worse prognosis. No consistent associations were found for histological subtype and grade of
the tumor. Compared to the analysis shown in Table 8 that investigated the effect of adherence to
treatment guidelines on patient survival instead of hospital research activity, the prognostic value of
the included patient and disease characteristics remained mostly unchanged.
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Figure 22: The relationship of patient survival and research activity in the three QS-OVAR cohorts (for early-stage and late-stage ovarian cancer)



Table 9: Hospital research activity and survival

QS-OVAR 2001

QS-OVAR 2004

QS-OVAR 2008

Total Deaths HR 95% Cl Total Deaths HR 95% Cl Total Deaths HR 95% Cl
Research activity
Non-trial hospital 201 91 1 Reference 350 177 1 Reference 311 176 1 Reference
Trial hospital 275 108 0.56 0.42t00.76 413 218 1.18 0.93to 1.50 570 275 0.97 0.80to01.17
FIGO stage
I-IA 124 15 1 Reference 183 24 1 Reference 181 41 1  Reference
11B—IV 352 184 5.04 2.79t09.09 580 371 5.28 3.36t08.29 700 410 2.38 1.70to03.32
Age (continuous)
per 5 years 476 199 1.22 1.13t01.32 763 395 1.15 1.10t01.22 881 451 1.11 1.06to 1.16
ECOG performance
0/1 374 126 1 Reference 564 239 1 Reference 657 286 1 Reference
>1 102 73 2.07 1.44102.99 199 156 1.86 1.41to02.45 224 165 1.78 1.41t02.23
Ascites
<500 ml 284 88 1 Reference 413 142 1  Reference 455 160 1 Reference
> 500 ml 192 111 1.69 1.19t02.38 350 253 1.95 1.54t02.47 426 291 2.00 1.60to02.49
Comorbidity
None 360 122 1 Reference 561 250 1  Reference 587 269 1  Reference
Present 116 77 1.58 1.18t02.11 202 145 1.69 1.29t02.20 294 182 143 1.15t01.77
Histology
Other 147 47 1 Reference 282 138 1  Reference 265 109 1 Reference
Serous 329 152  1.24 0.85t01.81 481 257 0.86 0.681t01.10 616 342 0.95 0.74t01.23
Grade
G1/G2 261 89 1 Reference 409 189 1 Reference 382 168 1 Reference
G3/G4 215 110 1.13 0.83to1.54 354 206 091 0.74t01.12 499 283 1.05 0.87t01.27




3.4.3 Mediation analysis

One major goal of this thesis was to introduce a new methodology that can be applied to assess medi-
ation in survival data, and to use this method to investigate the effects of institutional research activity
on survival of ovarian cancer patients in presence of two potential mediators, namely the guideline
adherent surgery and chemotherapy as defined in Section 2.1. The impact of hospital participation on
overall survival in terms of natural direct and indirect effects can be summarized as follows (Table 10):
In QS-OVAR 2001, a total hazard ratio of 0.57 in favor of institutional participation in clinical trials was
observed. This total effect was decomposed into a direct hazard ratio for research activity of 0.66 (95%
C10.48t00.91) and an indirect hazard ratio for the mediators of 0.86 (95% CI 0.76 to 0.96). The indirect
effect corresponding to surgery alone was 0.91, the indirect effect corresponding to chemotherapy
alone was 0.94; thus, the resulting total effect was 0.66 x 0.91 x 0.94 = 0.57. The proportion mediated
through surgery and chemotherapy was 17% and 11% on the log scale, respectively. Taken together,
about 27% of the total effect of hospital research activity on survival was mediated through the pro-
posed pathways (95% Cl 8% to 67%). In the following two cohorts, the indirect effects were still present
but decreased in magnitude: The indirect effect via the two mediators together was 0.90 in QS-OVAR
2004 and 0.96 in QS-OVAR 2008, respectively. Surprisingly, the cohorts differed regarding the direct
effects. In particular, the direct effect of 1.32 in QS-OVAR 2004 was not in favor of research active
institutions, but in favor of non-trial hospitals. The direct effect in QS-OVAR 2008 was 1.01. Besides
that, the mediation models were quite stable and the prognostic value of the included patient and
disease characteristics remained unchanged compared to Cox models (see Table 9).

Table 10: Mediation analysis

QS-OVAR 2001 QS-OVAR 2004 QS-OVAR 2008
Effect HR 95% ClI HR 95% CI HR 95% ClI
Trial hospital
Total effect 0.57 0.42t00.77 1.18 0.93t01.53 0.97 0.79to 1.17
Direct effect 0.66 0.48t00.91 1.32 1.04t01.70 1.01 0.83to1.21
Indirect effect 0.86 0.76t0 0.96 0.90 0.83t00.96 0.96 0.90to 1.03
via Surgery 0.91 0.83t00.99 0.95 0.90to 1.00 0.95 0.90to0 1.00
via Chemotherapy 0.94 0.87to 1.00 0.94 0.89t00.99 1.01 0.97to 1.05
Covariates
Age (per 5 years) 1.22 1.13t01.32 1.15 1.10to1.21 1.11 1.06to1.16
Stage (11B—1V) 5.04 2.79t09.09 5.29 3.36t08.29 2.38 1.71t03.32
ECOG (> 1) 2.08 1.44t02.99 1.86 1.41t02.45 1.78 141to02.23

Ascites (> 500 ml) 1.69 1.20t02.38 1.95 1.54t02.47 2.00 1.60t02.49
Comorbidity (present) 1.58 1.18t02.11 1.69 1.29t02.20 1.43 1.15t01.77
Histology (serous) 1.24 0.85t01.82 0.86 0.68t01.10 0.95 0.74t01.23
Grade (3/4) 1.13 0.83t01.54 0.91 0.74t01.12 1.05 0.87to01.26

Note: Minor numeric inconsistencies between Table 9 and Table 10 are a consequence
of the effect decomposition that includes reweighting and a quadruplication of the data.
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3.5 Sensitivity analyses

3.5.1 Hospital volume and survival

One additional question of the present thesis was whether other structural measures than institutional
participation in clinical trials were potentially associated with longer patient survival. In particular, hos-
pital volume was of interest as volume-outcome relationship has been found for surgical procedures
in cancer patients and other serious diseases (see Section 1.2 for more details). Hospital volume was
considered as a continuous variable with 1 patient per year but also as a dichotomous variable with
low-volume hospitals treating 1 to 11 patients per year and high-volume hospitals treating 12 or more
patients per year, respectively.

Figure 23 shows the survival data for patients with early and advanced ovarian cancer treated in the
two hospital volume categories. Examination of the Kaplan-Meier plots suggested an association to-
wards longer survival in high-volume hospitals in patients with advanced ovarian cancer in the first
cohort. However, overall, there was no clear picture of high hospital volume resulting in a survival
benefit among the three cohorts of patients with ovarian cancer.

In order to assess the impact of hospital volume on patient survival while adjusting for other covariates
at hospital and patient level and to determine whether the previous results (Table 9) might have been
influenced by hospital volume, the Cox regression analyses were repeated with this additional covari-
ate. As can be seen from Table 11, with the inclusion of hospital volume the results for hospital re-
search activity remained essentially unchanged. Similarly, the estimates for the patient and disease
characteristics did not considerably differ from previous estimates after including hospital volume into
the models (not shown). This held independent of whether the continuous or categorical hospital vol-
ume was added to the regression models.

3.5.2 Hospital care level and survival

Finally, the association between survival and another structural measure, namely the hospital level of
care, was investigated in more detail to get a complete picture with regard to the collected hospital
characteristics in QS-OVAR.

Figure 24 shows the Kaplan-Meier plots for patients with early and advanced ovarian cancer treated
in the four categories of hospitals (i.e., university hospitals, hospitals with centralized services and
maximum care, hospitals providing specialized care, and primary care hospitals). The figure does not
reveal clear associations between hospital care level and patient survival. In line with this, the results
for hospital research activity and hospital volume remained practically the same after hospital care
level had been included as additional factor in the models that already contained the two other hospi-
tal characteristics (Table 12). Similarly, the estimates for the patient and disease characteristics did not
considerably change from previous estimates (not shown).
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Figure 23: The relationship of patient survival and hospital volume in the three QS-OVAR cohorts (for early-stage and late-stage ovarian cancer)



Table 11A: Hospital research activity, hospital volume and survival

QS-OVAR 2001

QS-OVAR 2004

QS-OVAR 2008

I‘;I Deaths HR 95% Cl I:l Deaths HR 95% Cl Igl Deaths HR 95% Cl
Research activity
Non-trial hospital 201 91 1 Reference 350 177 1 Reference 311 176 1 Reference
Trial hospital 275 108 0.58 0.42t00.79 413 218 1.14 0.88t01.48 570 275 0.99 0.80to 1.23
Hospital volume (continuous covariate)
per 1 pt/year 476 199 0.998 0.991 to 1.005 763 395 1.004 0.998 to 1.011 881 451 0.999 0.994 to 1.003

Table 11B: Hospital research activity, hospital volume and survival

Research activity
Non-trial hospital 201 91 1 Reference 350 177 1 Reference 311 176 1 Reference
Trial hospital 275 108 0.58 0.42t0 0.80 413 218 1.16 0.90to0 1.48 570 275 0.98 0.80to1.21
Hospital volume (categorical covariate)
1-11 pts/year 156 70 1 Reference 209 108 1 Reference 176 97 1 Reference
12+ pts/year 320 129 0.90 0.66to0 1.23 554 287 1.16 0.88to0 1.52 705 354 0.95 0.76 to 1.20

Note: Models include stage of disease (FIGO I-lIA vs. lIB-I1V), age at diagnosis (continuous, 5 years), ECOG performance status (>1 vs. 0/1), ascites (>500 ml vs. <500
ml), comorbidity (present vs. none), tumor histology (serous vs. other), and tumor grade (G3/4 vs. G1/2) and take clustering of patients in hospitals into account.
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Figure 24: The relationship of patient survival and hospital care level in the three QS-OVAR cohorts (for early-stage and late-stage ovarian cancer)



Table 12A: Hospital research activity, hospital volume, hospital care level and survival

QS-OVAR 2001

QS-OVAR 2004

QS-OVAR 2008

Igl Deaths HR 95% Cl Igl Deaths HR 95% Cl I;’l Deaths HR 95% Cl
Research activity
Non-trial hospital 201 91 1 Reference 350 177 1 Reference 311 176 1 Reference
Trial hospital 275 108 0.57 0.40t0 0.83 413 218 1.14 0.86t01.49 570 275 1.02 0.82to 1.27
Hospital volume (continuous covariate)
per 1 pt/year 476 199 0.998 0.988 to 1.007 763 395 1.006 0.997 to 1.015 881 451 1.000 0.995 to 1.005
Hospital care level
Primary care 142 59 1 Reference 215 112 1 Reference 209 119 1 Reference
Specialized care 139 58 0.99 0.65to 1.52 247 130 0.97 0.73t01.28 242 126 0.94 0.74t01.18
Centralized services 97 42 0.91 0.57to0 1.43 129 67 0.80 0.47 to 1.37 192 97 0.88 0.65t01.18
University 98 40 1.03 0.54to 1.95 172 96 1.01 0.71to0 1.43 238 109 0.83 0.59t0 1.15

Table 12B: Hospital research activity, hospital volume, hospital care level and survival

Research activity
Non-trial hospital 201 91 1 Reference 350 177 1 Reference 311 176 1 Reference
Trial hospital 275 108 0.58 0.40t00.84 413 218 1.14 0.86t0 1.50 570 275 1.02 0.82t01.26
Hospital volume (categorical covariate)
1-11 pts/year 156 70 1 Reference 209 108 1 Reference 176 97 1 Reference
12+ pts/year 320 129 0.92 0.61to01.38 554 287 1.17 0.86t0 1.58 705 354 1.01 0.80to 1.28
Hospital care level
Primary care 142 59 1 Reference 215 112 1 Reference 209 119 1 Reference
Specialized care 139 58 1.01 0.62to 1.64 247 130 0.95 0.72t0 1.26 242 126 0.93 0.74t0 1.19
Centralized services 97 42 0.91 0.57to 1.47 129 67 0.84 0.53t01.35 192 97 0.88 0.66t01.18
University 98 40 0.99 0.55t0 1.78 172 96 1.05 0.77 to 1.45 238 109 0.83 0.62to1.11

Note: Models include stage of disease (FIGO I-lIA vs. lIB-1V), age at diagnosis (continuous, 5 years), ECOG performance status (>1 vs. 0/1), ascites (>500 ml vs. <500
ml), comorbidity (present vs. none), tumor histology (serous vs. other), and tumor grade (G3/4 vs. G1/2) and take clustering of patients in hospitals into account.



3.5.3 Adherence to surgical guidelines—complete surgery

3.5.3.1 Model for adherence to surgical guidelines

“Complete staging” and “complete debulking” were considered in a sensitivity analysis to take into ac-
count the more recent guidelines that define the primary objective of staging as the completion of all nine
staging steps and debulking surgery in FIGO IIB—IV as the complete removal of all visible disease. As stated
above (Section 3.3.1.1), only 102 of 488 patients (21%) with early-stage ovarian cancer received complete
surgical staging (6% in 2001, 19% in 2004, and 34% in 2008). As described above (Section 3.3.1.2), com-
plete debulking was achieved in 38% of the 1632 patients with advanced ovarian cancer (33% in 2001,
37% in 2004, and 42% in 2008). Even though, patients in trial hospitals seemed to have a slightly higher
chance of receiving complete staging than patients in non-trial hospitals, only negligible differences were
found between trial and non-trial hospitals regarding complete debulking in advanced-stage disease.

This was confirmed by a multivariable analysis: As can be seen from Table 13, in none of the three
QS-0OVAR cohorts, the patients treated in trial hospitals were significantly more likely to receive complete
surgical treatment than those patients who were treated in non-trial hospitals. The adjusted odds ratios
were 1.03 (95% Cl 0.65 to 1.65) in QS-OVAR 2001, 1.25 in QS-OVAR 2004 (95% CI 0.85 to 1.85), and 1.14
(95% Cl1 0.81 to 1.61) in QS-OVAR 2008.

3.5.3.2 Survival

When all three cohorts were taken together for descriptive analysis, 249 deaths were observed among
the 729 patients with “complete” outcome of surgery and 796 deaths were observed among the 1391
patients not treated in accordance with surgical guidelines; the latter meaning that patients were either
not completely staged or had tumor residuals after surgery. Completely staged or debulked patients had
considerably longer survival than patients with incomplete surgical treatment (median not reached vs.
33.3 months). In all three cohorts, the median survival time for completely treated patients was not
reached at the time of analysis, whereas the median survival time in non-completely treated patients was
35.4 months in QS-OVAR 2001, 32.5 months in QS-OVAR 2004, and 31.9 months in QS-OVAR 2008. Figure
25 shows the corresponding Kaplan-Meier survival curves by stage of disease and QS-OVAR cohort. As can
be seen from this figure, the pattern was quite consistent for patients with early and advanced ovarian
cancer in all three cohorts with higher survival rates for patients treated according to surgical guidelines.

Multivariable Cox models confirmed the findings described above. In these models, chemotherapy treat-
ment, relevant patient and disease characteristics as well as clustering of patients into hospitals were
controlled for. In the three cohorts, the estimated reduction in the risk of death associated with guideline-
recommended complete surgery was 55% to 64% (Table 14).
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Table 13: Predictors of complete surgery*

QS-OVAR 2001

QS-OVAR 2004

QS-OVAR 2008

Total Adhered (%) OR 95% Cl Total Adhered (%) OR 95% Cl Total Adhered (%) OR 95% ClI
Research Activity
Non-trial hospital 201 45 (22.4) 1 Reference 350 106 (30.3) 1 Reference 311 111 (35.7) 1 Reference
Trial hospital 275 79 (28.7) 1.03 0.65to 1.65 413 143  (34.6) 1.25 0.85t01.85 570 245  (43.0) 1.14 0.81to1.61
FIGO stage
I-11A 124 7 (5.6) 1 Reference 183 34 (18.6) 1 Reference 181 61 (33.7) 1 Reference
1BV 352 117 (33.2) 21.73 8.49t055.66 580 215 (37.1) 6.37 3.67to11.06 700 295 (42.1) 3.86 2.35t06.33
Age (continuous)
per 5 years 476 124 (26.1) 0.83 0.75t00.92 763 249 (32.6) 0.91 0.85t00.98 881 356 (40.4) 0.83 0.77to00.89
ECOG performance
0/1 374 106 (28.3) 1 Reference 564 208 (36.9) 1 Reference 657 300 (45.7) 1 Reference
>1 102 18 (17.6) 0.80 0.37to01.70 199 41 (20.6) 0.54 0.34t00.86 224 56 (25.0) 0.70 0.44to01.10
Ascites
<500 ml 284 92 (32.4) 1 Reference 413 167 (40.4) 1 Reference 455 246 (54.1) 1 Reference
> 500 ml 192 32 (16.7) 0.22 0.12t00.38 350 82 (23.4) 0.28 0.18t00.43 426 110 (25.8) 0.21 0.15t00.29
Comorbidity
None 360 103 (28.6) 1 Reference 561 198 (35.3) 1 Reference 587 259 (44.1) 1 Reference
Present 116 21 (18.1) 0.66 0.37t01.19 202 51 (25.2) 0.71 0.461t01.08 294 97 (33.0) 0.84 0.56to01.24
Histology
Other 147 41 (27.9) 1 Reference 282 97 (34.4) 1 Reference 265 108 (40.8) 1 Reference
Serous 329 83 (25.2) 0.61 0.38t00.97 481 152 (31.6) 0.64 0.44t00.93 616 248 (40.3) 0.96 0.69to1.34
Grade
G1/G2 261 57 (21.8) 1 Reference 409 126 (30.8) 1 Reference 382 152 (39.8) 1 Reference
G3/G4 215 67 (31.2) 1.41 0.85t02.35 354 123 (34.7) 1.03 0.71t01.49 499 204 (40.9) 1.01 0.73to01.39

Note: *Complete surgery: no missing staging item (FIGO I-11A)/complete debulking (FIGO I1B-IV)



QS-OVAR 2001 (FIGO I-lIA)

o
e 9 TV
0 _|
N~
S
3 3-
<
]
w
v _|
39
o
I I I I I
0 12 24 36 48
Complete 7 7 5 2
Incomplete 117 109 96 30
QS-OVAR 2001 (FIGO lIB-IV)
o
S 4
v _|
N~
3 g-
<
]
(n -
0 _|
N
o
I I I I I
0 12 24 36 48
Complete 117 105 87 34
Incomplete 235 156 105 24

Survival (%)

Survival (%)

50 75 100

25

50 75 100

25

QS-OVAR 2004 (FIGO I-1IA)

34
149

12 24 36
33 30 27
144 133 121

QS-OVAR 2004 (FIGO IIB-1V)

48

22
94

T
0

215
365

12 24 36
196 167 139
241 160 112

I
48

95
70

Survival (%)

Survival (%)

50 75 100

25

50 75 100

25

QS-OVAR 2008 (FIGO I-1IA)

~ —
| I I I I I
0 12 24 36 48
61 57 54 50 30
120 111 97 80 4
QS-OVAR 2008 (FIGO lIB-1V)
7 —— Complete
Incomplete

T
0

295
405

12 24 36 48
265 223 182 103
279 193 127 63

Figure 25: The relationship of patient survival and completeness of surgery (for early and late stage ovarian cancer)



Table 14: Predictors of survival

QS-OVAR 2001

QS-OVAR 2004

QS-OVAR 2008

Total Deaths HR 95% Cl Total Deaths HR 95% Cl Total Deaths HR 95% Cl
Complete surgery*
No 352 166 1 Reference 514 298 1 Reference 525 332 1 Reference
Yes 124 33 0.36 0.24t00.54 249 97 0.49 0.38t00.64 356 119 0.45 0.35t00.57
Optimal chemotherapy**
No 160 102 1 Reference 229 156 1 Reference 208 145 1 Reference
Yes 316 97 0.42 0.29t00.62 534 239 0.54 0.41t00.71 673 306 0.46 0.34t00.62
FIGO stage
I-11A 124 15 1 Reference 183 24 1 Reference 181 41 1 Reference
11B—IV 352 184  6.64 3.64t012.10 580 371  7.64 4.71to012.40 700 410 3.21 2.24to4.61
Age (continuous)
per 5years 476 199 1.11 1.03t01.20 763 395 1.08 1.03to1.14 881 451 1.02 0.97to1.07
ECOG performance
0/1 374 126 1 Reference 564 239 1 Reference 657 286 1 Reference
>1 102 73 1.71 1.11to2.63 199 156 1.64 1.25to02.16 224 165 1.59 1.25t02.02
Ascites
<500 ml 284 88 1 Reference 413 142 1 Reference 455 160 1 Reference
>500 ml 192 111 1.44 0.99t02.08 350 253 1.70 1.34to2.17 426 291 1.70 1.33t02.18
Comorbidity
None 360 122 1 Reference 561 250 1 Reference 587 269 1 Reference
Present 116 77 139 1.01tol81 202 145 161 1.23t02.11 294 182 1.26 1.01to1.57
Histology
Other 147 47 1 Reference 282 138 1 Reference 265 109 1 Reference
Serous 329 152 1.23 0.83t01.81 481 257 0.83 0.64to01.07 616 342 092 0.72to01.19
Grade
G1/G2 261 89 1 Reference 409 189 1 Reference 382 168 1 Reference
G3/G4 215 110 1.07 0.78to01.45 354 206 091 0.74to01.13 499 283 0.99 0.82t01.19

Note: *Complete surgery: No missing staging item (FIGO I-11A)/0 mm tumor residual (FIGO 1I1B-IV)
**QOptimal chemotherapy: Platinum-based (FIGO I-IIA, except for FIGO IA G1)/Platinum-taxane (FIGO II1B—IV)



3.5.4 Adherence to both surgical and chemotherapy guidelines

For the assessment of overall guideline adherence, both surgery and chemotherapy were combined into
categorical variables with four categories (OP+/CT+, OP+/CT-, OP-/CT+, OP-/CT-), three categories
(OP+/CT+, OP+/CT- or OP-/CT+, OP-/CT-) and two categories (OP+/CT+, non-standard). In the first sensi-
tivity analysis, “optimal” surgery and standard chemotherapy were taken together to define the thera-
peutic standard for treatment of ovarian carcinomas. In a second sensitivity analysis, the stronger “com-
plete” definition of surgery was combined with standard chemotherapy. The summary results will be pre-
sented separately for early-stage and advanced-stage disease. Then all stages of disease will be pooled
and the predictors of overall guideline adherence will be determined. Finally, patient survival according
to adherence to the combined treatment guidelines will be described in more detail and mediation mod-
els including one categorical mediator with two and three categories will be presented and compared to
the primary mediation analysis with two binary mediators.

3.5.4.1 Early-stage ovarian cancer

In the primary analysis, the definition of adherence to surgical guidelines allowed for maximally one miss-
ing staging step (“optimal staging”). This definition was AND-combined with the chemotherapy standard
according to which no chemotherapy is recommended for patients with FIGO IA G1 tumors, and adjuvant
platinum-based chemotherapy is recommended for the rest of the patients with early ovarian cancer. In
line with this definition, patients with early ovarian cancer had a higher chance of receiving appropriate
treatment in the later cohorts: In 2001, both staging (i.e., maximally one staging step was omitted) and
chemotherapy were optimal in only 19% of patients. This proportion increased to 33% in 2004 and to 55%
in 2008. Simultaneously, the proportion of patients neither optimally staged nor treated in accordance
with chemotherapy recommendations decreased over time (29% in 2001, 25% in 2004, and 14% in 2008).
In all three cohorts, only a small number of patients received optimal surgery but were not treated ap-
propriately with regard to chemotherapy (3% to 6%). Figure 26 shows the adherence to treatment guide-
lines combined for optimal surgery and chemotherapy in trial versus non-trial hospitals by year of diag-
nosis. In the first and the last cohort, the patients in trial hospitals were more likely to be optimally treated
surgically and chemotherapeutically than patients in non-trial hospitals (30% vs. 10% in 2001, 58% vs. 50%
in 2008). In contrast, in QS-OVAR 2004, 28% of patients in trial hospitals but 38% of patients in non-trial
hospitals were treated according to the definition given above. However, in this second cohort, more
patients in trial hospitals compared to non-trial hospitals received standard chemotherapy without being
optimally staged (44% vs. 28%).

In a further sensitivity analysis, the stronger “complete” definition of surgical staging was applied; as out-
lined above, this definition did not allow for any missing staging step. Based on this stronger definition,
only 6% of patients in OS-OVAR 2001 received both complete staging and standard chemotherapy. These
numbers increased to 15% in 2004 and 31% in 2008. In all three cohorts, most of the patients were treated
according to chemotherapy guidelines but were not completely staged (62% in 2001, 55% in 2004, and
49% in 2008). Again, only a few patients received complete staging with all nine steps performed but were
not treated with the chemotherapy guidelines (4% in 2004 and 3% in 2008). As can be seen from Figure
27, in all three cohorts, patients in trial hospitals had a slightly higher chance to be treated according to
both surgical and chemotherapeutical guidelines than patients in non-trial hospitals (9% vs. 3% in 2001,
17% vs. 13% in 2004, and 33% vs. 27% in 2008).
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3.5.4.2 Advanced-stage ovarian cancer
In patients with advanced disease, guideline adherence was defined as “optima

|II

debulking with a maxi-
mum of 10 mm residual tumor, combined with platinum-taxane chemotherapy. According to this defini-
tion about 45% of patients in QS-OVAR 2001, 47% of patients in 2004 and 54% of patients in 2008 received
both the optimal surgical and chemotherapeutic treatment. About 20% of patients in each cohort received
the recommended chemotherapy but had tumor residuals after surgery of more than 10 mm. The pro-
portion of optimally debulked patients without the appropriate chemotherapy treatment decreased over
the years from 16% to 11%. There were about 18% of patients in 2001, 17% in 2004, and 13% in 2008 with
neither recommended surgical nor chemotherapy treatment. In all three cohorts, patients in trial hospi-
tals had a higher chance to be optimally debulked and to receive the recommended platinum-taxane
chemotherapy (50% vs. 38% in 2001, 54% vs. 38% in 2004, and 60% vs. 45% in 2008, Figure 28).

According to the stronger definition, “complete” debulking was required together with standard plati-
num-taxane chemotherapy. This stricter treatment standard was fulfilled in only 24% of patients in 2001,
in 29% of patients in 2004, and in 35% of patients in 2008, respectively. Here again, patients in trial hos-
pitals had a higher chance to be treated in accordance to treatment guidelines compared to patients in
non-trial hospitals (26% vs. 21% in 2001, 33% vs. 25% in 2004, 39% vs. 30% in 2008). About 40% of the
patients in each cohort had tumor residuals after surgery but were at least treated with platinum-taxane
chemotherapy. About one fourth (in 2001) to one fifth (in 2008) of the patients had tumor residuals after
surgery and also did not receive the recommended chemotherapy. For more details see Figure 29.

3.5.4.3 Prognostic model for adherence to treatment guidelines

For the assessment of overall guideline adherence, both surgery and chemotherapy were combined, and
a single binary outcome was used that reflected adherence to both treatment guidelines in the sense that
both the chemotherapy and surgery (optimal or complete) recommendations were followed (Table 15
and 16).

In all three QS-OVAR cohorts, the patients who were treated in hospitals participating in clinical trials had
a significantly higher chance to be treated according to the guidelines compared to those patients who
were treated in non-trial hospitals. When optimal surgery was combined with standard chemotherapy,
the adjusted odds ratios were 2.16 in QS-OVAR 2001 (95% Cl 1.32 to 3.54), 1.66 in QS-OVAR 2004 (95% ClI
1.15 to 2.38), and 1.47 in QS-OVAR 2008 (95% CI 1.05 to 2.05). Similar effects, however statistically not
significant, were observed when complete surgery was combined with standard chemotherapy. Lower
age, advanced stage, better performance status, and absence of ascites and comorbid conditions were
associated with better adherence to surgical and chemotherapy guidelines. The other predictors showed
rather inconsistent effects (see Table 15 and 16 for details).
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Table 15: Predictors of optimal surgery* + optimal chemotherapy**

QS-OVAR 2001

QS-OVAR 2004

QS-OVAR 2008

Total Adhered (%) OR 95% Cl Total Adhered (%) OR 95% Cl Total Adhered (%) OR 95% Cl
Research Activity
Non-trial hospital 201 57 (28.4) 1 Reference 350 132 (37.7) 1 Reference 311 143 (46.0) 1 Reference
Trial hospital 275 127 (46.2) 2.16 1.32t03.54 413 200 (48.4) 1.66 1.15t02.38 570 337 (59.1) 1.47 1.05to02.05
FIGO stage
I-1A 124 24 (19.4) 1 Reference 183 60 (32.8) 1 Reference 181 100 (55.2) 1 Reference
11B—IV 352 160 (45.5) 6.87 3.19to 14.78 580 272 (46.9) 3.46 2.09t05.72 700 380 (54.3) 1.75 1.13t02.73
Age (continuous)
per 5 years 476 184 (38.7) 0.79 0.72t00.87 763 332 (43.5) 0.80 0.74t00.87 881 480 54,5 0.75 0.69t00.81
ECOG performance
0/1 374 174 (46.5) 1 Reference 564 291 (516) 1 Reference 657 422 (64.2) 1 Reference
>1 102 10 (9.8) 0.18 0.09to00.37 199 41 (20.6) 0.39 0.24t00.61 224 58 (25.9) 0.38 0.25t00.59
Ascites
<500 ml 284 110 (38.7) 1 Reference 413 193 (46.7) 1 Reference 455 289 (63.5) 1 Reference
> 500 ml 192 74 (38.5) 0.74 0.48to01.16 350 139 (39.7) 0.59 0.40t00.88 426 191 (44.8) 0.44 0.32t00.62
Comorbidity
None 360 162 (45.0) 1 Reference 561 284 (50.6) 1 Reference 587 371 (63.2) 1 Reference
Present 116 22 (19.0) 0.50 0.27t00.93 202 48 (23.8) 0.43 0.28t0 0.65 294 109 (37.1) 0.55 0.39t00.78
Histology
Other 147 51 (34.7) 1 Reference 282 116 (41.1) 1 Reference 265 140 (52.8) 1 Reference
Serous 329 133 (40.4) 0.98 0.57to1.67 481 216 (44.9) 0.90 0.64to01.26 616 340 (55.2) 1.25 0.87t01.80
Grade
G1/G2 261 95 (36.4) 1 Reference 409 169 (41.3) 1 Reference 382 202 (529) 1 Reference
G3/G4 215 89 (41.4) 0.99 0.59t01.66 354 163 (46.0) 1.28 0.91to 1.80 499 278 (55.7) 1.18 0.86t01.61

Note: *Optimal surgery: max. 1 missing staging item (FIGO I-IIA)/less than 10 mm tumor residual (FIGO IIB-IV)
**Optimal chemotherapy: Platinum-based (FIGO I-IIA, except for FIGO IA G1)/Platinum-taxane (FIGO 1I1B-1V)



Table 16: Predictors of complete surgery* + optimal chemotherapy**

QS-OVAR 2001

QS-OVAR 2004

QS-OVAR 2008

Total Adhered (%) OR 95% Cl Total Adhered (%) OR 95% ClI Total Adhered (%) OR 95% Cl
Research Activity
Non-trial hospital 201 30 (14.9) 1 Reference 350 77 (22.00 1 Reference 311 90 (28.9) 1 Reference
Trial hospital 275 61 (22.2) 132 0.79t02.19 413 120 (29.1) 1.48 0.96t02.28 570 214 (37.5) 1.25 0.87t01.79
FIGO stage
I-11A 124 7 (5.6) 1 Reference 183 27 (14.8) 1 Reference 181 56 (30.9) 1 Reference
11B—IV 352 84 (23.9) 12.72 4.87t033.24 580 170 (29.3) 5.23 2.92t09.38 700 248 (35.4) 2.96 1.84t04.77
Age (continuous)
per 5 years 476 91 (19.1) 0.80 0.72t00.89 763 197 (25.8) 0.86 0.79to 0.93 881 304 (34.5) 0.79 0.73t00.85
ECOG performance
0/1 374 84 (22.5) 1 Reference 564 173 (30.7) 1 Reference 657 267 (40.6) 1 Reference
>1 102 7 (6.9) 043 0.17t01.09 199 24 (12.1) 0.45 0.25t00.79 224 37 (16.5) 0.56 0.33t00.93
Ascites
<500 ml 284 69 (24.3) 1 Reference 413 130 (31.5) 1 Reference 455 209 (45.9) 1 Reference
> 500 ml 192 22 (11.5) 0.24 0.14t00.43 350 67 (19.1) 0.36 0.22t00.58 426 95 (22.3) 0.27 0.19t00.38
Comorbidity
None 360 81 (22.5) 1 Reference 561 165 (29.4) 1 Reference 587 235 (40.0) 1 Reference
Present 116 10 (8.6) 0.52 0.24t01.09 202 32 (15.8) 0.58 0.36to0 0.92 294 69 (23.5) 0.66 0.43to01.00
Histology
Other 147 28 (19.0) 1 Reference 282 70 (24.8) 1 Reference 265 94 (35.5) 1 Reference
Serous 329 63 (19.1) 0.77 0.45t01.34 481 127 (26.4) 0.80 0.54t01.18 616 210 (34.1) 0.95 0.68t01.33
Grade
G1/G2 261 43 (16.5) 1 Reference 409 99 (24.2) 1 Reference 382 127 (33.2) 1 Reference
G3/G4 215 48 (22.3) 1.37 0.77t02.44 354 98 (27.7) 1.12 0.77to1.64 499 177  (35.5) 1.15 0.83to 1.59

Note: *Complete surgery: no missing staging item (FIGO I-1I1A)/complete debulking (FIGO I1B-IV)
**Optimal chemotherapy: Platinum-based (FIGO I-IIA, except for FIGO IA G1)/Platinum-taxane (FIGO 1I1B-IV)



3.5.4.4 Survival according to adherence to treatment guidelines

Figure 30 and Figure 31 show the Kaplan-Meier survival curves by stage of disease and QS-OVAR cohort
according to adherence to the combined surgery (optimal or complete) and chemotherapy guidelines. As
can be seen, the pattern was quite consistent for patients with early and advanced ovarian cancer in all
three cohorts, showing higher survival rates for patients treated according to guidelines.

3.5.5 Mediation analysis

The multiple pathways framework (Lange et al. 2014) assumes that the two mediators are fulfilled inde-
pendently of each other, as well as that the two mediators operate separately of each other. Because it is
generally difficult to test such assumptions within the same data set, sensitivity analyses were performed
on the QS-OVAR 2001 data to assess the robustness of the results. In these sensitivity analyses only one
mediator was used to represent adherence to treatment guidelines with regard to surgery and chemo-
therapy. In the first sensitivity analysis, a single binary mediator was used that reflected optimal adher-
ence to treatment guidelines in the sense that both the chemotherapy and surgery were optimal. In a
second sensitivity analysis, an ordinal mediator variable was created. This ordinal mediator was a single
variable indicating whether none (neither chemotherapy nor surgery), one (optimal chemotherapy or op-
timal surgery), or both criteria for treatment adherence (optimal chemotherapy and optimal surgery)
were met. As can be seen from Table 17, the effect estimates and confidence intervals from both sensi-
tivity analyses are very close to the two-mediator solution of the primary analysis.

Table 17: Sensitivity mediation analysis (QS-OVAR 2001 only)

Primary analysis One binary Three categories
Effect HR 95% ClI HR 95% Cl HR 95% Cl
Trial hospital
Total effect 0.57 0.42t00.77 0.57 0.42t00.78 0.57 0.42t00.78
Direct effect 0.66 0.48t00.91 0.64 0.46t00.89 0.66 0.48t00.90
Indirect effect 0.86 0.76t0 0.96 0.89 0.80to 0.97 0.86 0.77t0 0.96
via Surgery 0.91 0.83t00.99
via Chemotherapy 0.94 0.87to 1.00
Covariates
Age (per 5 years) 122 1.13t01.32 1.22 1.13t01.33 1.22 1.13t01.33
Stage (11B-1V) 5.04 2.791t09.09 481 2.72to 10.1 476 2.68to 10.1
ECOG (> 1) 2.08 1.44t02.99 2.07 1.42t03.27 2.07 1.43t03.26

Ascites (> 500 ml) 1.69 1.20to02.38 1.67 1.19to2.46 1.68 1.19to 2.47
Comorbidity (present) 1.58 1.18to2.11 1.51 1.14to02.19 1.50 1.12to02.16
Histology (serous) 1.24 0.85t01.82 1.22 0.85t01.92 1.23 0.85t01.91
Grade (3/4) 1.13 0.83to0 1.54 1.14 0.80to 1.57 1.14 0.80to 1.58

In final sensitivity analyses, potential biases due to non-linear relationships, interactions between expo-
sure, baseline variables and mediators, as well as possible misclassification of the mediators were inves-
tigated (code and results available online, see electronic supplementary material in Rochon et al. 2014).
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Figure 30: The relationship of patient survival and combined optimal surgery (OP) and optimal chemotherapy (CT) (for early-stage and late-stage ovarian cancer)
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Figure 31: The relationship of patient survival and combined complete surgery (OP) and optimal chemotherapy (CT) (for early-stage and late-stage ovarian cancer)



4 Discussion

The present thesis integrates three key elements: a theoretical framework for assessing healthcare
quality, a comprehensive collection and use of patient and hospital data from a nationwide quality
assurance program, and a novel approach for evaluating causal mediation effects within a time-to-
event setting. Each of these elements not only possesses its own merit, but all the facets complement
each other, allowing a holistic view on the impact of institutional research activity on the quality of
care and patient outcomes in ovarian cancer.

4.1 Effects of institutional research activity

Building upon the quality of health care assessment framework originally proposed by Donabedian
(1966; 1980; 1988), this thesis investigated the hypothesis that that structure (hospital participation in
clinical trials) influences the process of care (treatment), which in turn affects the outcome of care
(patient survival). More specifically, it was anticipated that institutional clinical research activity would
lead to better adherence to ovarian cancer treatment guidelines, subsequently improving care delivery
and resulting in enhanced patient outcomes. Surgical treatment and chemotherapy administration
were examined as potential mediators of the impact of hospital research activity on patient survival.
The underlying mechanisms were explored using a new method for mediation analysis of time-to-
event outcome data. The effects of institutional research activity were investigated using data from a
German quality assurance program known as QS-OVAR. This program outlines care patterns in hospi-
tals of different care levels and with varying patient volumes, also enabling comparisons between hos-
pitals involved in clinical research within two German cooperative study groups and those not actively
engaged in their study activities. The analysis utilized data from three cohorts of patients diagnosed
with epithelial ovarian cancer in 2001, 2004, and 2008. Survival information was gathered for a mini-
mum of three years after diagnosis in the first cohort and at least four years in the subsequent cohorts.

4.1.1 Survival
The data from the first QS-OVAR cohort supported the hypothesis that hospital participation in clinical
research can improve the adherence to treatment guidelines of hospitals and can prolong patient sur-
vival. In QS-OVAR 2001, an independent relationship between hospital-level research activity and the
survival outcome on patient level was observed (Table 9). Importantly, this positive association was
not limited to patients actually enrolled in ongoing clinical trials but was extended to all patients
treated in research-active institutions independent of their individual trial participation. The effect of
hospital trial participation was most pronounced in patients with advanced stage of ovarian cancer
(Figure 22, bottom left panel). Patients treated in trial hospitals were more likely to receive treatment
according to guidelines compared to patients treated in non-trial hospitals (Tables 4-7). In addition,
patients with “optimal surgery” and “optimal chemotherapy” lived longer than patients not treated
according to the recommended standard of care (Table 8, Figures 20 and 21, see Section 2.1 for the
definition of “optima

I”, and discussion below).

Hence, it was logical to inquire how much of the observed benefit of hospital trial participation on
patient survival was channeled through the appropriate use of surgical and chemotherapy treatments.
To address this question, a new methodological approach for evaluating mediation in situations involv-
ing time-to-event outcome data was implemented and further refined (Lange et al. 2012; Lange et al.
2014; Rochon et al. 2014).
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As shown in Table 10, the effect of research activity on patient survival was indeed partially mediated
through better adherence to treatment guidelines in trial hospitals compared to non-trial hospitals.
Taking into account several known patient and disease characteristics at baseline, the overall hazard
ratio (total effect) of 0.57 was decomposed into a direct effect of hospital research activity of 0.66 and
two indirect effects of 0.91 and 0.94 mediated through surgery and chemotherapy, respectively. The
aggregate indirect effect through both mediators was 0.86, that is, about 27% (on the log hazard ratio
scale) of the beneficial effect of research activity seemed to be mediated through both surgery and
chemotherapy. In contrast, the “direct effect” of 0.66 summarizes a non-negligible bunch of mecha-
nisms of unknown origin that operate in parallel to guideline adherence.

The beneficial effect of research activity, however, was only visible in QS-OVAR 2001 and was not rep-
licated in the following cohorts (Tables 9 and 10, Figure 22). In QS-OVAR 2004 and 2008, the total
effects of hospital-level research activity were 1.18 and 0.97, respectively. Both effects did not differ
significantly from a hazard ratio of 1. In 2004, the still present but weak indirect effects (0.90, with 0.95
from surgery and 0.94 from chemotherapy) were masked by a much higher direct effect of unknown
origin favoring research-inactive hospitals. In 2008, both direct and indirect effects were around 1, not
pointing in any direction.

4.1.2 Adherence to treatment guidelines
In the first QS-OVAR cohort (Figure 7), less than 10% of patients received complete staging and less

|II

than 30% received “optimal” staging; the latter in the sense that maximally one staging procedure was

omitted. In the same cohort, surgical results in advanced ovarian cancer (Figure 10) showed less than

|II

40% of complete debulking and above 60% of “optimal” debulking (i.e., maximally 10 mm tumor tissue
left). Despite these disappointing overall results, trial hospitals more frequently adhered to staging
guidelines in patients with early ovarian cancer and also achieved complete or at least optimal debulk-
ing in more patients with advanced ovarian cancer (Tables 4 and 5, Figures 7 and 10). Similar, though

weaker differences in favor of trial hospitals were observed in QS-OVAR 2004 and 2008 (Table 5).

In QS-OVAR 2001, adjuvant chemotherapy was administered to only about 65% of eligible patients
(Table 6B/C). Although the difference was not large, trial hospitals more frequently adhered to treat-
ment guidelines in advanced ovarian cancer and, to a higher extent, selected stage-appropriate chem-
otherapy regimens (Tables 6, 7). With time, however, both trial hospitals and non-trial hospitals im-
proved slightly regarding adherence to chemotherapy guidelines and the originally observed beneficial
effect of research-activity diminished.

Overall, the adherence to treatment guidelines improved gradually with each cohort of QS-OVAR (Ta-
bles 4 and 6). In particular, the surgical outcomes became better from 2001 to 2008. As expected,
better adherence to treatment guidelines resulted in longer patient survival within each of the three
cohorts (Table 8, Figures 20 and 21). The observed overall improvement in adherence to treatment
guidelines did not, however, translate into even longer patient survival over the years (Figure 19).
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4.2 Conceptual framework

Clinical research primarily provides the evidence needed to improve care and outcomes for future
patients. Nevertheless, participation in clinical trials may also positively affect current patients. Past
research on this topic mostly focused on individual patients and compared trial participants to non-
trial participants. After a considerable amount of data had been gathered, however, it turned out to
be difficult to establish a definite link between individual participation in clinical trials and outcomes
(for reviews, see Braunholtz et al. 2001; Peppercorn et al. 2004; Vist et al. 2008). The consequence was
a shift in emphasis from individual trial participation to organizational trial participation (Selby 2011),
and the research question was reframed from “Do patients in clinical trials do better than patients
outside trials?” to “Do health care institutions or service providers who are active in clinical research
deliver better care and outcomes than those who are not?” (Selby and Autier 2011, p. 6). During the
conceptual phase of this thesis, the latter question was comparatively new, and especially little atten-
tion had been paid to institutions active in clinical research. One single review on the impact of re-
search engagement on the process and outcome of health care was available at that time (Clarke and
Loudon 2011); it included 13 papers looking at the effects of health care practitioners’ or institutions’
participation in clinical trials. Despite promising signals for institutional research activity, however, the
data was too limited to enable firm conclusions to be drawn and the evidence was less strong than
originally thought to claim a positive relationship between research engagement and outcomes of
care. The intriguing aspect of the new question was whether research-active hospitals deliver better
outcomes for all their patients, that is, both trial participants as well as all the other patients treated
in those hospitals. By definition, this question is of great importance for a much broader population of
patients than the traditional approach (i.e., comparison of “on-trial” to “off-trial” patients). According
to Pater et al. (2011), this question should be in the focus of attention of health care policy makers.
Besides that, it is relevant to all patients who have to make decisions regarding the receiving of health
care (i.e., where and by whom). The underlying assumption is that research activity might have a pro-
tocol-related impact on the care of patients who consent to enter clinical trials. In addition, engage-
ment in clinical research might have a positive effect through the impact of research activities upon
organizational infrastructure (e.g., staff, facilities). It is likely that this latter effect goes beyond the
effect of direct individual involvement in clinical trials. From the policy makers’ perspective, this aspect
is also relevant because it relates to the justification of public resources spent for clinical research (e.g.,
Krzyzanowska et al. 2011). Finally, having a critical look at the question of research activity related to
hospitals may reveal specific elements in the delivery of care that are actionable and accessible for
improvement, independent of whether the institution is actually active in clinical research or not.

This thesis investigated the relationship between institutional research activity as defined by hospital
participation in clinical trials, adherence to surgical as well as chemotherapy guidelines for ovarian
cancer, and patient survival using Donabedian’s (1966; 1980; 1988) theoretical framework of quality
of health care as a starting point. Donabedian's framework consists of three factors: structure, process,
and outcome. Structure refers to the context in which health care is delivered and can include precon-
ditions such as buildings, equipment, staff including its qualifications and experiences as well as other
characteristics such as accreditation status, patient volumes, hospital care level, research activity,
teaching status or affiliation to a university. Process describes how this structure translates into prac-
tice. It sums up interactions between patients and health care providers and includes diagnoses, use
of evidence-based treatments and preventive actions. Outcome refers to the effects of care and can
encompass both hospital and individual results. As such, hospital standardized mortality ratios repre-
sent care outcomes at an institutional level, while direct patient outcomes like patient satisfaction,

77



alterations in patient health status, health-related quality of life, and patient survival signify care out-
comes at an individual level. The greatest advantage of Donabedian’s framework is that it is so general
that it can be applied in various health care and delivery systems to questions of wide or narrow scope.
At the basic level, the model can be used to assess and modify structures and processes within a health
care delivery unit. At the higher level, the model can be applied to a large system to measure and to
improve overall quality of care and outcomes for the entire patient population. However, potential
limitations of Donabedian’s approach have also been recognized (see Section 1.2 for a description of
the three components including their advantages and disadvantages). Besides that, some authors (e.g.,
Mitchell et al. 1998) criticized the consecutive progress from structure to process to outcome as too
simple and too linear for a framework. Consequently, the paradigm was judged as of limited utility for
investigating how the three components interact in the nowadays complex and dynamic health care
systems. A decade ago, Donabedian’s framework was used to assess health care quality in ovarian
cancer (Bristow et al. 2013). The authors concluded that due to the known limitations of Donabedian’s
approach, ideally, quality assessment and efforts of improvement should simultaneously incorporate
structure, process and outcome, and balance them appropriately given the specific health care setting.
Finally, it was acknowledged that the original framework does incorporate neither patient nor disease
characteristics nor other factors that might be relevant for an adequate appreciation of the effects and
underlying mechanisms within the process of health care delivery. Therefore, this thesis considered
two extensions of Donabedian's quality of care triad.

Krzyzanowska et al. (2011) developed a framework specifically designed for a deep dive into how re-
search activity might lead to better outcomes, even for those patients who are not directly involved in
research projects. This framework emphasizes the interplay between infrastructure, care processes,
and outcomes, while considering patient and disease characteristics. Despite its complexity, which may
seem overwhelming for formal testing, it serves as a valuable guide for exploring potential mechanisms
contributing to healthcare outcomes. A key aspect of this framework is the necessity for high-quality
infrastructure, which includes not only resources such as staff, facilities, equipment, and financial sup-
port, but also the organization and coordination of these resources to conduct clinical trials. This aligns
with the International Conference on Harmonisation (ICH) guideline on Good Clinical Practice (GCP),
which since its inception, has stressed the importance of qualified staff in conducting clinical trials. The
ICH GCP guideline has further emphasized this in its latest revision, highlighting the crucial role of com-
petent personnel in ensuring the integrity and success of clinical trials. According to GCP, clinical in-
vestigators “should be qualified by education, training and experience to assume responsibility for the
proper conduct of the trial and should provide evidence of such qualifications”, they “should be famil-
iar with the appropriate use of the investigational product(s)”, and they “should have sufficient time,
an adequate number of available and qualified staff, and adequate facilities for the foreseen duration
of the trial to conduct the trial properly and safely” (ICH E6(R3) Guideline 2023, p. 11). Krzyzanowska
et al. (2011) also noted that clinical research is seen as prestigious and promotes the recruitment and
retention of high-quality staff. This includes not only doctors but also staff responsible for trial man-
agement, data handling, and quality assurance. This highly qualified staff is a key resource and a crucial
element of infrastructure. As a result of the emphasis on qualified staff and adherence to GCP, it is
reasonable to assume that all patients, including those not enrolled in trials, may benefit from the
broader improvement of care that arises when research activity has a more general impact on care
through the recruitment of more knowledgeable and experienced staff (Selby and Autier 2011). This
improvement extends beyond personnel to encompass the overall infrastructure of an institution.
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The sponsor of a clinical trial is responsible for ensuring that the trial is conducted in accordance with
GCP, which involves selecting qualified trial personnel, providing a protocol, ensuring compliance with
the trial protocol, and supplying facilities and appropriate equipment. GCP guidelines dictate that trial
sites must have adequate facilities to support the trial and handle potential emergencies. This neces-
sitates not only physical space for patient investigation but also proper equipment for conducting
these investigations. To comply with GCP guidelines, many clinical trial sites must invest resources and
adopt standard operating procedures that are followed when conducting a trial. Moreover, many trials
require participants to undergo additional procedures, including new tests and tools according to the
trial protocol. Research sponsors often fund these additional assessments, leading to the reasonable
assumption that engaging in clinical research helps develop an institution's infrastructure to a higher
level. While some elements of this infrastructure are applied directly to trial participants, access may
extend to non-trial participants, especially after a specific clinical trial is completed. In addition to GCP
recommendations, other initiatives, such as the 2008 statement from the American Society for Clinical
Oncology on minimum standards and attributes of exemplary clinical trial research sites (Zon et al.
2008), provide guidance on clinical trial research sites. These structural requirements include formal
maintenance of high educational standards, quality assurance, diversification of a trial portfolio and
high accrual, clinical trial awareness programs, and financial oversight.

Linking clinical research conduct to outcomes requires considering variables related to processes of
care. In Clarke and Loudon’s (2011) review, practitioners and institutions participating in trials at-
tributed infrastructure effects to better adherence to treatment guidelines and improved use of state-
of-the-art evidence. Stiller (1994) highlighted that in oncology, both specialized centers (infrastructure)
and standardized treatment (care processes) are crucial determinants of patient survival, often asso-
ciated with participation in multicenter controlled trials. Later articles, in line with Krzyzanowska et al.
(2011), emphasized the need for focusing on care quality, particularly care processes according to clin-
ical practice guidelines and their impact on patient outcomes (Reade and Elit 2012; Reade and Elit
2019). The underlying assumption is that a process of care (e.g., appropriate chemotherapy)—when
established by high-quality clinical trial evidence and applied to an individual patient—will eventually
result in a good outcome for the patient. Support for an association between process and outcome
usually comes from clinical trials in which a change in a certain process has led to an improvement in
an outcome. The expectation is that when processes or interventions translate into routine care, out-
comes will improve as well. Assessment of adherence to treatment guidelines and pathways is, thus,
one of the first steps to consider in activities related to quality improvement. The process part assumes
that practice patterns and health care delivery differ systematically between research-active and re-
search-inactive institutions. For example, institutions engaged in research may be faster in incorporat-
ing new findings from the literature into clinical practice. With respect to technical aspects, research-
active institutions may provide more accurate and timelier diagnoses or may be more likely to follow
clinical treatment guidelines, adoption of which has been associated with improved outcomes. In spe-
cialized centers, for example, patients undergoing more complete staging procedures tend to be clas-
sified into higher cancer stages than in non-specialized centers. Participation in clinical trials may also
influence physicians so that they transfer treatment modalities from trials into daily practice faster. It
is also plausible that healthcare professionals in research-active environments provide superior care
and outcomes due to skill enhancement, specialization, and personal attributes such as intrinsic moti-
vation and medical engagement. These traits, combined with professional development in a research-
intensive setting, may contribute to overall improvement in patient care and outcomes.
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A structural variable often cited as a predictor of improved surgical outcomes is subspecialty training
of the surgeon. For example, in the management of ovarian cancer, better process measures and pa-
tient outcomes were reported for patients managed by gynecologic oncologists compared to general
surgeons (du Bois et al. 2009b). The most recent Ovarian Cancer Consensus Conference recommenda-
tions state explicitly that after initial diagnosis of advanced disease, patients should be assessed for
primary surgery by a qualified gynecologic oncology surgeon (Karam et al. 2017; Vergote et al. 2022).

Survival is the most relevant patient related outcome measure in cancer care. Both patient and disease
characteristics equally affect survival, and it is plausible to assume that patients differ systematically
between the institutions in which care is delivered. When comparing research-active with research-
inactive institutions in terms of patient survival, adjusting for potential confounders is thus essential.
Social determinants of health such as education and income are associated with outcome in many
areas of medicine including oncology (e.g., Krzyzanowska et al. 2011). Less educated or economically
disadvantaged patients often experience worse outcomes: They present to the doctor at later stages,
have poorer general health, limited access to care, inadequate health insurance, or they simply do not
navigate the system as well as patients with higher socioeconomic status. Conversely, academic and
research-active institutions have the reputation of providing better care. As a result, more educated,
affluent patients or better “self-advocates” may be more likely to seek care in these institutions such
that the patient mix may differ between research-active and research-inactive institutions. In contrast,
patients with more severe diseases may also be more likely to be referred to research-active institu-
tions, indicating that patient selection and referral biases can work both ways. In summary, adjusting
for case mix, including both sociodemographic and disease characteristics, is crucial in any study eval-
uating the quality of care across institutions. Additionally, multivariable mediation analysis is manda-
tory to ascertain whether the impact of research activity is superficial or genuinely causal.

Expanding upon the core principles of Donabedian's triad of health care, Krzyzanowska's first extension
highlighted the importance of various factors influencing health outcomes. In contrast, Selby et al.
(2019a; b) introduced a second extension to the triad, specifically emphasizing the impact of research-
active clinical teams on enhancing patient outcomes. In their model, a series of different mechanisms
link research to better outcomes with the research-active clinical team being the central route by
which outcomes can be improved. First, research-active teams generate new questions using evidence
from literature. In addition, they apply the existing evidence as best practice guidelines and translate
them into their daily work. According to the authors, staying informed of state-of-the-art develop-
ments should improve the process of care and, in turn, the patient outcomes. Exposure to best prac-
tices during the conduct of clinical research should lead to additional benefits. Finally, translational
research results in further innovations that are then eventually tested in the experimental arms of
clinical trials. When such trials are positive, they generate new evidence for best practice, which in
itself will improve patient outcomes—both for those patients enrolled in trials as well as for the much
larger number of patients whose treatment is improved through the process of the uptake of innova-
tions. Selby et al.’s model assumes that this occurs more rapidly in research-active institutions. Finally,
research-active clinical teams contribute to the development and refinement of medical practices by
staying up-to-date with the latest advancements, which in turn promotes a culture of continuous learn-
ing and improvement within health care organizations, ultimately benefiting patients and the medical
community as a whole.

All of the above-described conceptual frameworks will be used in the following paragraphs to explain
some of the results of this thesis.
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4.3 Explaining the results

In QS-OVAR 2001, it has been claimed that ovarian cancer patients treated in trial hospitals are more
likely to receive treatment according to guidelines and have therefore better survival outcomes than
patients treated in non-trial hospitals (du Bois et al. 2005a; Rochon and du Bois 2011; Rochon et al.
2014). These results, however, were not replicated in the following cohorts QS-OVAR 2004 and 2008.

First, let's assume there was a real effect of research activity in QS-OVAR 2001. The question then
arises as to why hospitals that participated in clinical trials of the two German study groups were able
to deliver better health care outcomes for their ovarian cancer patients compared to hospitals that
were not involved in clinical research at that time. Some findings from the first cohort support the
observed survival advantage in trial hospitals. Specifically, the consistently better surgical and chemo-
therapy treatments in trial hospitals as opposed to non-trial hospitals hold for patients with early as
well as advanced ovarian cancer. They are in line with the assumption that research activity contrib-
uted to enhanced treatment, and this translated into better patient outcomes. A distinctive aspect of
this thesis is the integration of the three components of Donabedian’s model for quality of health care
(structure, process, and outcome) within a single causal mediation analysis for time-to-event outcome
data. The results of this mediation analysis revealed that approximately 27% of the beneficial effect of
research activity on survival were mediated through surgery and chemotherapy.

Both estimated indirect effects are in line with the literature. For more than 20 years, it is well known
that newly diagnosed ovarian malignancies profit most from a thorough surgical treatment. A publica-
tion at the time of analysis of the first cohort showed a 29% improvement in survival of patients with
advanced ovarian cancer (HR = 0.71) that was triggered to a great extent by improvement in the pro-
portion of optimal debulking from 43% to 66% (Bristow et al. 2002). Similarly, since the publication by
Piccart et al. (2000), there is strong and confirmatory evidence for platinum-taxane combinations as
standard treatment for patients with advanced ovarian cancer. When patient and disease characteris-
tics including residual tumor were taken into account, addition of paclitaxel to a platinum chemother-
apy resulted in a 27% reduction in the death rate (HR = 0.73). Bristow et al.’s and Piccart et al.’s findings
were quite recent at the time of QS-OVAR 2001; and it is a plausible assumption that hospitals partic-
ipating in clinical research took up this new evidence quicker than their non-trial counterparts (e.g.,
due to membership in the collaborative German study group network and the access to information
from the international GCIG network). At that point in time, the participation in clinical trials offered
the only possibility of nationwide multicentric quality assurance for an oncologic treatment.

In addition to the effects mediated by surgery and chemotherapy, patients may have benefited from
general improvement of care even if they were not actually enrolled in trials because they were treated
at trial hospitals. Based on the frameworks described above, it can be speculated that in 2001, the
members of the two cooperative study groups that organize almost all national and international clin-
ical trials for ovarian cancer in Germany achieved better outcomes for all their patients because of
their higher standard compared to their peers outside of this collaborative network. This may arise if
research activity has an impact on delivery of care by availability of highly qualified personnel, ade-
quate infrastructure and best practices reflecting state-of-the art treatment guidelines. Research par-
ticipation might then stimulate teams to improve the health care delivery by, for instance, quicker and
better-informed decision making even for patients outside of the ongoing clinical trials. As clinical re-
search continues to evolve and incorporate cutting-edge technologies, it is anticipated that the quality
of care will experience further improvements. The more recent publications published by Boaz et al.
(2015), Downing et al. (2017), Harding et al. (2017) and Selby et al. (2019a; b) support this view. There-
fore, these publications will be described in more detail in the following paragraph, providing further
insights into their findings and implications.
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Boaz et al. (2015) conducted a so-called “hourglass review” with altogether 33 papers and concluded
that it is reasonable to assume that when clinicians and health care organizations engage in research,
there is a higher likelihood of improvement in their health care performance, even if this was not the
primary objective of conducting research. In addition, the authors underlined that in the past, the
measures used to assess the performance of health care organizations were primarily costs and rather
basic performance measures (e.g., number of patients treated per year) while research activity was
not considered. In the meantime, however, there has been an increasing interest in the latter charac-
teristic, especially in the United Kingdom, and the role of research engagement was explored from
various perspectives. For example, in 2008 the National Institute for Health Research began funding a
major 5-year pilot research program of translational research in England, establishing nine “Collabora-
tions for Leadership in Applied Health Research and Care” (CLAHRC). This program was motivated by
the observation that previously, university researchers carried out studies with little involvement of
staff and/or health service users. With time, the government and the public have sought to close the
gap between the generation and exploitation of evidence, by promoting innovative culture, enabling
partnerships and facilitating the uptake of novel evidence into public health practice. The expectation
was that the closer the collaborations are the more successful the knowledge translation will be. A
number of evaluations were carried out to examine whether the various collaborations worked as in-
tended and if so, why (Heaton et al. 2015). At the end of the successful pilot, 13 new CLAHRCs were
funded for another 5 years. The interesting aspect of this initiative is the focus on collaborative lead-
ership and networks, which matches well the key characteristics of the German study group approach
used in this thesis to define research activity at hospital level. A similar structural health care charac-
teristic was discussed by Bristow et al. (2015a). Using data from a large retrospective population-based
study the authors reported that National Cancer Institute Comprehensive Cancer Center status is an
independent predictor of adherence to ovarian cancer treatment guidelines and improved ovarian
cancer survival. Downing et al. (2017) reported results from a large population-based study and were
able to show that being treated in a research-active hospital is strongly associated with better out-
comes for patients with colorectal cancer. The size of the observed impact of research participation on
survival was comparable to the entire patient population impact seen following a successful interven-
tional trial and this effect was present even after adjustment for various factors which may be expected
to affect the performance of different institutions such as case-mix and hospital case volume. At
around the same time, Harding et al. (2017) investigated the relationship between “research culture”
(i.e., research participation at hospital level) and organizational performance. The latter included var-
ious indicators such as patient mortality rates, levels of patient satisfaction, staff turnover, staff satis-
faction and organizational efficiency. All of the reviewed eight studies reported a positive association
between research activity and organizational performance. The authors concluded that a stronger re-
search culture is associated with benefits to patients, staff and the organization. Finally, Selby et al.
(2019a) called to action and asked clinical research to become “everyone’s business” (2019a, p. 5). In
essence, this means that clinical research should become a common endeavor, with involvement and
investment from all parties in the healthcare system, including researchers, professionals, patients,
organizations, policy makers, and the public. The idea is that by making clinical research a shared con-
cern, it can lead to more generalizable clinical trials, as the trials would be more representative of
diverse patient populations and healthcare settings. This, in turn, could improve healthcare outcomes,
as the findings of the research would be more applicable to a wider range of patients and situations.

Against this background, an open question is why the effects of QS-OVAR 2001 were not replicated,
neither in QS-OVAR 2004 nor in QS-OVAR 2008.
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The likelihood of surviving ovarian cancer primarily depends on patient characteristics, tumor biology,
and treatment (Gupta et al. 2010). While the first two factors are unchangeable, treatment can be
influenced and thus plays a critical role in efforts to improve ovarian cancer outcomes. Surgery and
chemotherapy, informed by global guidelines, are essential in addressing all disease stages. These
guidelines typically describe detailed surgical procedures and include stage-appropriate chemotherapy
recommendations (e.g., Wagner et al. 2013; Staebler and Mayr 2017; Karam et al. 2017; Armstrong et
al. 2019; Vergote et al. 2022). However, adherence to these treatment recommendations has been
reported to be suboptimal, indicating opportunities for improvement (du Bois et al. 2009a; Bristow et
al. 2012). Timely incorporation of these guidelines into daily practice, strengthened communication
between healthcare providers, and enhanced patient education, can potentially increase adherence
to these guidelines, ultimately leading to better patient outcomes.

Cancer staging is the process of finding how far the tumor has grown and spread into other parts of
the body. Staging is performed surgically; it includes the description of the extent of the cancer and
serves as the initial treatment for ovarian cancer. The goal of staging is thus twofold: to see how far
the cancer has spread, and to remove all visible tumor tissue. Staging can therefore be considered both
a diagnostictool and a therapeutic procedure. Accurate surgical staging is critical to ensure appropriate
subsequent treatment, as without staging women may suffer from uncontrolled proliferation of the
disease. In early ovarian cancer, staging has already been reported in the 1980s to be an area with a
wide translational gap, that is, standard procedures had not sufficiently been transferred into clinical
routine (McGowan et al. 1985). In advanced ovarian cancer, primary debulking surgery followed by
chemotherapy has become the standard of care since more than 40 years (Griffiths and Fuller 1978).
The amount of residual disease after primary surgery is still the most powerful determinant for patient
outcome with survival being best in patients with no residual tumor (Karam et al. 2017).

Treatment guidelines recommend postoperative chemotherapy for all patients with ovarian cancer,
with the exception of FIGO stage IA grade 1. Patients with early-stage disease should receive platinum-
based treatment, whereas patients with advanced-stage disease should receive a platinum-taxane
combination (e.g., Karam et al. 2017; Vergote et al. 2022). These recommendations have not changed
much since Ozols et al.’s (2003) publication reporting the results of a non-inferiority trial with 840
patients and establishing carboplatin as a replacement for cisplatin in the initial treatment of advanced
ovarian cancer following primary debulking surgery. The regimen consisting of carboplatin and
paclitaxel still represents the backbone of treatment in advanced ovarian cancer (Boyd and Muggia
2018).

Even though clinical recommendations for diagnosis, treatment and follow-up of ovarian cancer were
available for both early and late ovarian cancer in early 2000s (Bauknecht et al. 2000; European Society
for Medical Oncology (ESMO) Guidelines Task Force 2001), the adherence to treatment guidelines was
quite low in the first QS-OVAR cohort compared to the adherence in the later cohorts. It seems to take
some time for a new treatment guideline to be translated into practice. It might be speculated that
hospitals participating in clinical trials were nevertheless faster in the uptake of these recommenda-
tions than non-trial hospitals and therefore adhered better to treatment guidelines in 2001 already. In
the following years, however, it might be assumed that also the non-trial hospitals became more and
more aware of the state-of-the art treatment and adopted the chemotherapy recommendations as
well. Even though the observed adherence to treatment guidelines still offered room for improvement,
especially after the study published by Ozols at al. (2003), carboplatin-paclitaxel was at least well
known as standard chemotherapy treatment in advanced disease and the ovarian cancer community
should have been aware of it.
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One should consider, however, that there also might be other reasons for not being treated according
to the standard recommended in guidelines. Adherence to treatment guidelines might be influenced
by infrastructure characteristics (e.g., specialization of the physician, knowledge, skills, experience;
hospital research activity level or volume) but can also be impacted by the availability of treatment
according to local policies and reimbursement strategies. In addition, patients may decide not to un-
dergo chemotherapy to avoid the heavy side effects of the treatment. Finally, disease characteristics
can play a role in decisions on a treatment (e.g., age, comorbidities, poor prognosis). It is thus worth
noting that the quality of staging in early-stage disease and tumor reduction in patients with advanced
ovarian cancer improved markedly from the first to the last QS-OVAR cohort for both, trial and non-
trial hospitals (Figures 7 and 10, see also Table 5). Though less pronounced, the same trend was ob-
served for chemotherapy. The reasons for these overall improvements may be a mixture of all of the
above. In addition, they might even be result of participation in the quality assurance program itself.

A further explanation for the discrepancy of the findings across cohorts is that the effects observed in
the first cohort were simply overestimated. This phenomenon, where an effect is observed once and
then never again, is not uncommon, particularly in pilot studies. These initial studies are often used to
evaluate the preliminary effects of a treatment, which can lead to a misestimation of the true effects
(Kistin and Silver-stein 2015). Specifically, small pilot studies are more prone to either overestimating
or underestimating the actual effect. If the true effect size is underestimated, a planned subsequent
larger study may be considered not worth the conduct and the potentially important true effect would
remain undiscovered. If the true effect size is overestimated but still used to inform further research,
resources are invested in subsequent studies, but these studies may be underpowered. In addition,
overestimations can result in inappropriate conclusions and misguided decisions with serious implica-
tions for future research. Indeed, the effect observed in QS-OVAR 2001 was larger than effect sizes for
overall survival in successful clinical trials of new effective chemotherapy treatments in ovarian cancer
(e.g., HR = 0.73 reported by Piccart et al. 2000 or 0.75 reported by Katsumata et al. 2009). However, it
must be taken into account that in clinical trials comparing chemotherapy treatments, multivariable
models for overall survival always include residual disease as a baseline covariate that serves as an
important prognostic factor for survival in these studies (Karam et al. 2017). In contrast, residual dis-
ease is a process variable in a quality of care model, and in this thesis, it was assumed that this process
variable is also influenced by hospital-level research activity. Therefore, the survival hazard ratio for
trial hospitals compared to non-trial hospitals was adjusted for all relevant patient and disease char-
acteristics in multivariable analyses except for the surgical outcome (i.e., residual disease). The esti-
mated effect in QS-OVAR 2001 might therefore be larger than effects reported in chemotherapy trials.
Second, even though the effect of hospital-level research activity on patient survival might have been
overestimated in the first QS-OVAR cohort, QS-OVAR 2001 was not the first cohort indicating benefits
from hospital research activity. The first pilot evaluated the records of 501 patients treated between
July and September 2000 in 87 institutions (du Bois et al. 2001a; b). Although this pilot did not assess
patient survival, it outlined the patterns of care in ovarian cancer in Germany and identified areas with
room for improvement in terms of adherence to treatment guidelines. The German data were found
to be consistent with international results. Furthermore, the pilot highlighted differences between
hospitals. Notably, patients treated in trial hospitals had a higher likelihood of receiving optimal treat-
ment compared to those treated in non-trial institutions. These findings inspired the hypothesis that
hospital-level research activity enhances adherence to treatment guidelines and, via this route, im-
proves patient outcomes.
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Even though the argument of a chance finding cannot be fully ruled out, there are other explanations
that might help understand why the effects observed in QS-OVAR 2001 were not replicated in the
following cohorts. Comparing results between hospitals can become challenging even with modern
methodology because of the many known and unknown mechanisms that can affect outcomes and
contribute to a trial effect. Braunholtz et al. (2001) differentiated already between treatment effects,
protocol effects, care effects, Hawthorne effects, and placebo effects. The treatment effect, for exam-
ple, would benefit patients if the new treatments tested in trials tended to be better than the standard
treatment. Consequently, patients who received superior treatment would be shown to have directly
benefited from participation in the trial. In contrast, the protocol effect would rather arise from the
fact that trials follow protocols in which treatments are usually carefully described. If trial protocols
improve delivery of care and thus advance the subsequent outcomes then one would probably observe
a trial effect. The care effect would be difficult to estimate separately from the protocol effect but
could result from additional trial-related care aspects.

Benefits for patients enrolled in study protocols in oncology have been reported earlier but several
pitfalls interpreting these effects have been identified. The simplest explanation for the observed ben-
eficial effect of hospital-level research activity in the first QS-OVAR cohort might be that patients en-
rolled in ongoing trials during the study period contributed to this effect, indicating a protocol effect.
In that case, the effect should vanish when excluding trial patients in trial hospitals and comparing
non-trial patients in trial hospitals to similar patients in non-trial hospitals. In the three QS-OVAR co-
horts taken together, almost 60% of patients were treated in hospitals participating in clinical trials.
However, only 14% (175 out of 1258) of these patients were actually enrolled in prospective clinical
trials of the two German study groups. In the third quarter of 2001, there were 22% (59 of 275) of
patients enrolled in ongoing trials in trial hospitals (versus, of course, 0% in non-trial hospitals). In QS-
OVAR 2004, this percentage was even lower (6%), and in QS-OVAR 2008 about 16% of patients in trial
hospitals actively participated in clinical trials. Even though it is tempting to conclude that the 22% of
patients in QS-OVAR 2001 triggered the observed effect, it is unlikely that only those patients who
actually participated in clinical trials caused an effect of the observed size. What speaks against the
assumption that the observed effect in 2001 only reflects a kind of protocol effect? First, there were
no trial protocols available for patients with early ovarian cancer at that point of time. Second, the only
active German protocol for advanced ovarian cancer in 2001 was AGO-OVAR-7 (Pfisterer et al. 2006)
did not show superiority for the experimental arm. Finally, in QS-OVAR 2001, almost 50% (80 of the
165) hospitals participated in cooperative study group activities. Even though the protocol effect as
described above cannot be fully excluded, it is unlikely that the same physicians in the same hospitals
delivered care differently to patients in the only active trial at that time and outside of this clinical trial,
expect perhaps for a longer and more granular follow-up for trial patients. In addition, if the observed
effect in favor of research activity in QS-OVAR 2001 would only reflect a care effect, a more pro-
nounced positive effect of hospital trial participation should have also been observed at least in the
last of the three QS-OVAR cohorts. In this last cohort, 16% of patients in trial hospitals were trial par-
ticipants but no relevant direct or indirect trial effects were observed.

A further explanation might be the so-called Hawthorne effect (Franke and Kaul 1978). This effect
means that behavior tends to change when individuals are under observation. The involvement in a
clinical trial might affect both patients and clinicians (McCarney et al. 2007). A Hawthorne effect might
also have occurred in QS-OVAR. The simple fact that hospitals were asked to participate in the quality
assurance program and agreed to respond to the survey and document the required quality data,
might have affected at least the participating hospital personnel who perhaps tried to show their best.
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In fact, this mechanism can be seen as a welcome and beneficial byproduct of quality assurance poli-
cies (e.g., Manzanera et al. 2018; Breyer et al. 2019). A counter argument against this explanation is,
however, that the hospitals were asked to provide their patient data approximately one year after the
initial diagnosis. This is the time point when surgical treatment as well as primary chemotherapy are
usually completed and patients are in the follow-up phase. As overall survival is an objective patient
outcome, it is almost impossible that it might have been influenced just by the knowledge of being
part of a quality assurance program. Nevertheless, the better results in adherence to treatment guide-
lines observed with time might be one of the major accomplishments of the program itself.

Perceived benefits from trial participation may also be due to potential biases, such as selection bias.
This would mean that the advantage of participating in a trial could be just a result of the selection
process, rather than a true reflection of the benefit for the broader population. One possible explana-
tion for the observed results would be then that research-active institutions are systematically differ-
ent from non-research-active hospitals. Hospitals participating in research might be self-selected, cli-
nician-selected, and patient-selected. In 2001, for example, 50% of participating hospitals reported to
be members of the two German cooperative study groups while only 25% of all German hospitals ful-
filled this criterion. This could reflect a sampling bias. However, this did not change over time, and in
the later cohorts, trial hospitals were equally overrepresented. One could argue that the hospitals par-
ticipating in the quality assurance program were not representative for all German hospitals at all, as
they are more willing to share their results—because they think they are better hospitals anyway. In
this case, one could argue that the observed treatment patterns and guideline adherence in Germany
would even be too optimistic and would be worse if all the German hospitals had been investigated.

Regarding other potential biases, there were some associations between hospital characteristics. Hos-
pital trial participation was positively associated with higher hospital volume and higher hospital care
level in all three cohorts of QS-OVAR investigated in this thesis (Figures 5 and 6). Reade and Elit (2012;
2019) reported the highest outcomes for high-volume providers in high-volume cancer centers, for
example. One explanation for the relationship between hospital research activity and better outcomes
could be the so-called "practice-makes-perfect" hypothesis. This hypothesis is based on the general
belief that increased experience results in better skills, which in turn leads to better outcomes. In other
words, the more a hospital or healthcare provider performs a specific procedure or treats a particular
condition (i.e., the higher their volume), the better they become at it. This improvement can manifest
as reduced complication rates, shorter hospital stays, lower mortality rates, and overall better patient
outcomes. This hypothesis is often used to explain why high-volume hospitals and providers some-
times have better outcomes than their lower-volume counterparts. On the other hand, the observed
relationship may also reflect that some hospitals are known as the best in their area of expertise, es-
pecially hospitals associated to universities; in consequence, they attract more patients or patients
with specific disease characteristics. In this case, a referral selection bias could be a reason for the
observed results. However, the multivariable analyses conducted in this thesis controlled for at least
known potential confounders on patient level and adjusted for the other hospital characteristics. In
addition, especially in 2004 and 2008, there were some non-trial hospitals with high patient volumes
as well. These hospitals might have also gained experience simply by treating more patients per year.
In this thesis, however, there was neither good evidence for better survival at high-volume hospitals
nor at university hospitals (Tables 11 and 12, Figures 23 and 24). This is in line with the quite hetero-
geneous and weak evidence shown in a comprehensive review by du Bois et al. (2009b) for these hos-
pital structure characteristics in ovarian cancer.
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There might be another explanation possible for why the effect observed in the first cohort was not
visible in the following two cohorts of QS-OVAR. There was a remarkable increase in the number of
included patients and institutions from the first to the following two cohorts: QS-OVAR 2001 consisted
of 476 patients from 165 hospitals, QS-OVAR 2004 included 763 patients from 245 hospitals, and QS-
OVAR 2008 contained data on 881 patients from 240 hospitals. The quality assurance program was not
designed as a longitudinal study, neither on patient level nor on hospital level. When looking at the
participation of the individual hospitals in QS-OVAR over time, there were some overlaps between the
cohorts: 67 hospitals entered all three cohorts while 123 hospitals participated twice. In contrast, 203
hospitals participated only once in QS-OVAR. With regard to the latter, 24% of the 203 hospitals were
included only in the first cohort, 36% were included only in the second cohort and 40% entered only
the third cohort. The definition of research activity was based on the participation in clinical trials of
the Germany study groups in the respective study period. Because of this quite narrow definition, it
cannot be entirely excluded that in the later QS-OVAR cohorts a few previously research-active hospi-
tals were labelled as non-trial hospitals just because they did not participate in clinical trials according
to the defined time period. In addition, as only trial activities covered by the two German study groups
were considered for the definition of research activity, it might be argued that also some of the non-
trial hospitals in 2004 and 2008 might have gained experience through other research activities. If this
was true and non-trial hospitals participated in another kind of research, this could also result in im-
proved adherence to treatment guidelines and better patient outcomes in these nontribal hospitals.
The latter is, however, quite unlikely as the two study groups are both members of ENGOT and organ-
ize almost all clinical research activities in ovarian cancer in Germany. In addition, the effect of partic-
ipation in trials of the two groups was deemed to cover more than just recruitment of patients in the
third quarter of 2001, 2004 and 2008. To be considered as research-active, hospitals had to enroll
patients in clinical trials before or during the third quarter of the respective year of diagnosis. Further-
more, it is important to note that the definition of research activity could be broadened to include
other forms of research, not just clinical trials. This could potentially reveal a different landscape of
research-active hospitals. Lastly, the impact of these other research activities on patient outcomes and
guideline adherence could be a valuable area for future investigation. It is essential to consider the
evolving landscape of research and the potential influence of various research activities on patient
care. By exploring these factors, one could better understand the complex interplay between research,
guideline adherence, and patient outcomes, ultimately leading to improved healthcare practices.

Correlation is not causation. Research-active hospitals may deliver better outcomes, but this could be
due to superior performance and staff, not necessarily their research activity. It is therefore crucial to
consider whether research activity truly improves infrastructure, leading to better performance and
outcomes. Krzyzanowska et al. (2011) and Selby et al. (2019a; b) suggested that research activity can
boost outcomes through various mechanisms. However, as systematic review concluded “when clini-
cians and health-care organisations engage in research there is the likelihood of a positive impact on
health-care performance, but this is more likely to be on improved health-care processes than im-
proved patient outcomes” (Hanney et al. 2013, p. 83). In line with this statement, the data of this thesis
showed better adherence to treatment guidelines in hospitals participating in clinical trials as opposed
to non-trial hospitals across all QS-OVAR cohorts. However, the observed effects did not consistently
translate into survival differences and the beneficial effect on survival observed in the first cohort was
not replicated in the subsequent two cohorts.
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Finally, it should be mentioned again that even though, the adherence to treatment improved over
time, the overall survival outcomes did not change much from the first to the last QS-OVAR cohort.
This is in line with the general observation that despite increased awareness of the disease, curative
and survival trends in ovarian cancer have not substantially improved over the last decades. This is
primarily due to the ongoing challenge of early diagnosis, with treatment playing a secondary role. In
addition, and unfortunately, for the patients, many factors may influence survival. Several factors have
been explored as predictors of not receiving recommended comprehensive surgery in ovarian cancer
(e.g. Goff et al. 2007). In addition, even the administration of a stage-appropriate chemotherapy does
not guarantee that the patient will respond to the administered treatment. Chemosensitivity of the
tumor can hardly be influenced and promising chemosensitivity assays to determine the drug sensitiv-
ity of solid tumors have been used only since a decade (Lee et al. 2014). Besides that, survival can be
impacted by subsequent therapies (e.g., interval debulking, second line chemotherapy) that were not
considered in this analysis. Finally, a general observation is that despite the enormous interest in treat-
ment breakthroughs in oncology, the advances taking place are rather modest and only a very small
number of new treatments make it from research to medical practice (Saltz 2008).

4.4 Challenges

The present thesis investigated whether research-active health care institutions deliver better care
and outcomes than their less engaged peers do. This question has superseded the traditionally inves-
tigated question of whether outcomes of patients participating in trials differ from patients who do
not participate in trials. Whereas the shortcomings of the latter question have been discussed in the
introduction already, the researcher interested in answering the question about effects of clinical re-
search on institutional level is confronted with numerous methodological challenges and practical is-
sues as well (Pater et al. 2011). Addressing these methodological challenges and practical issues is
crucial for accurately assessing the impact of research activity on healthcare institutions, and ulti-
mately, for understanding how research engagement can lead to better patient care and outcomes.

First, the choice of the adequate study design including an appropriate control group is not as easy as
it seems at first glance. Braunholtz et al. (2001) already suggested a less biased analysis by comparing
trial patients with patients of non-recruiting physicians or institutions. In a similar vein, Peppercorn et
al. (2004) proposed prospective cohorts of patients at institutions not participating in the trial as con-
trols. A major problem is that providers not involved in research usually do not provide data that would
serve as useful control group. But without this data, it becomes challenging to validate the effective-
ness of clinical research, eliminate potential biases, and ensure the generalizability of the findings. But
even in the research-active hospitals, good-quality data on the whole system rather than just the de-
scription of those patients that are actually involved in trials is required meaning that data from all
patients of the research-active as well as the research-inactive institutions have to be collected. In an
editorial about center size and the quality of cancer treatment, Corry et al. (2015) stated that it would
be useful to obtain the total number of cancer patients seen in centers with expertise, as opposed to
only those patients enrolled in trials. According to the authors, this would enable solid recommenda-
tions for the minimum number of patients per center that is required to achieve optimal survival out-
come. Studies investigating the impact of institutional or structural characteristics must, therefore,
ensure that all patients with the disease being studied are included and followed up for a sufficient
duration of time within the compared institutions. It does not come as a surprise that such studies are
rather uncommon because of their logistic difficulty and the limited opportunities for proper prospec-
tive studies. In practice, follow-up is rather short and data are often collected retrospectively.
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| was fortunate to have access to data of such high quality. In the first phase of the OS-OVAR study;, all
German gynecology departments were contacted and requested to report the number of newly diag-
nosed patients with ovarian cancer. Approximately one year later, the second phase was initiated. At
this point, all hospitals that responded during the first phase were asked to document all patients di-
agnosed in the third quarter of that year. This situation is unique, as typically data is only available
from patients participating in trials. In this case, data was obtained not only from hospitals not partic-
ipating in trials but also from non-trial patients within trial hospitals. Trained data managers of QS-
OVAR cross-checked the report forms with surgical and pathologic reports. The hospital declarations
regarding participation in clinical trials of one of the two study groups were double-checked as well.
The available data included all relevant patient and disease characteristics, even comorbidities were
collected. Survival information was collected for at least three years after diagnosis in the first cohort
and at least four years in the later cohorts which is considered sufficient at least for patients with
advanced ovarian cancer. In addition, the effect of study participation was deemed to cover more than
only recruitment of some patients in the three months study period of the respective year. Study par-
ticipation was also counted if no patient was enrolled in trials within the study period but if patients
had been recruited before the third quarter. For example, QS-OVAR 2001 included more than one third
of all patients diagnosed with ovarian cancer within the observation period even though these patients
were reported from only around 15% of all German hospitals. This could, however, already reflect
centralization. Nevertheless, the data from QS-OVAR was the most representative data available as
national cancer registries were not established in Germany at that time.

The proper definition of “research activity” is also critical for investigating the question of this thesis.
Even with a careful definition of research activity before the start of any evaluation, it is obvious that
the concept is complex and includes more aspects than the simplistic operational dichotomy as used
here (participation in AGO-OVAR or NOGGO trials in the respective year). The available literature on
the relationship between research participation at the institutional level and health care outcomes is
promising but limited, and the mechanisms by which research activity may lead to improved outcomes
are not well understood. To examine the effects and to explore the corresponding mechanisms, the
use of a conceptual framework such as Donabedian’s health care triad of structure, process and out-
come has been therefore recommended in other indications (e.g., Lawson and Yazdany 2012). A
unique feature of the present thesis is the integration of the three components within a single media-
tion analysis with survival as outcome and two mediators, taking into account important patient as
well as disease characteristics. The latter reflects a significant extension of Donabedian’s simple frame-
work and is in line with more recent recommendations (e.g., Selby at al. 2019a; b).

The complexity of the underlying mechanisms in research activity and health outcomes has led to a
focus on not only whether an association exists ("Does it work?") but also on understanding the causal
pathways for better outcomes in research-active hospitals. This is crucial for identifying processes to
target for quality improvement. However, previous studies have primarily focused on the pragmatic
question of research activity's effect on patient outcomes, with little attention paid to explaining these
effects ("How does it work?"). In accordance with this, Boaz et al. (2015, p. 13), concluded: “However,
although the focused review also identified a range of mechanisms through which engagement by
clinicians and health care organizations in research might result in improved health care performance,
and the wider review added additional evidence, it remains unclear how these effects are produced.”
The causal mediation methodology implemented in the context of this thesis offers a way to approach
this question.
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Final challenge of the present thesis was the outcome variable, namely patient survival. With regards
to efficacy, regulators request substantial evidence of clinical benefit from well-controlled trials
demonstrating either prolonging patient survival or improving quality of life, or both. Especially in on-
cology, increasing survival and improving quality of life are the most important therapeutic objectives
for many patients (Ocana and Tannock 2011). Overall survival is unambiguous, less subject to interpre-
tation bias and represents a concrete direct benefit to the patient. In line with this, overall survival has
been the most accepted outcome in ovarian cancer research (Herzog et al. 2014). In the most recent
GCIG recommendations, overall survival remains an ideal primary endpoint for first-line trials. Never-
theless, it has been acknowledged that it is difficult to demonstrate a survival benefit in ovarian cancer
because of long post progression survival and potential cross-over (Karam et al. 2017). In addition, in
order to observe benefits in objective or so-called “hard” patient outcomes such as overall survival,
the underlying effects might need to be much stronger. It has even been shown that survival is not
always closely linked to the quality of care (Landon et al. 1998; Landon et al. 2001), in part because it
is affected by other factors that are not related to the treatment provided. And even if this is the case,
the question remains how much of the effect is mediated by actual treatment and how much is caused
by other potentially relevant factors. Consequently, studies that evaluate how research activity affects
quality of care need to gather all possible information on institutional infrastructure, processes and
outcomes of care, patient and disease characteristics. The latter are needed to adjust for differences
in case mix when exploring if and why outcomes may differ in relation to all the possible structural
factors (Krzyzanowska et al. 2011). This was done in this thesis to the maximum possible extent.

4.5 Limitations

This study has several limitations. First, it might be argued that the sole participation in a quality as-
surance program and response to the survey are indicators of research activity. As the visibility and
the reputation of the QS-OVAR program increased over the years, this might have led to a general
higher hospital participation in the later cohorts. The increased popularity might also have led to a
systematic dropout of low-performing hospitals. Besides that, some confounding between institu-
tional research participation and patient volume as well as level of care was apparent at hospital level.
Hospital volume as measured by the number of patients treated per year and the hospital level of care
might both have an impact on patient outcomes. On the other hand, the data analyzed in this thesis
did not support this assumption. Second, hospitals were categorized as trial hospitals and non-trial
hospitals based on their participation in clinical trials of two German study groups. However, the non-
trial institutions might have participated in other type of research. Unfortunately, this data was not
collected. Inclusion of these institutions may have diluted the effect of institutional research participa-
tion on clinical outcomes, especially in the later cohorts.

The analyses were adjusted for case-mix, including both demographic and disease characteristics,
which is essential in any study evaluating differences in outcomes between institutions. However, this
is an observational study and the possibility of residual confounding must be acknowledged. The only
way to avoid this type of confounding would be randomization. However, randomized trials in this area
are hard to imagine. Randomizing patients to research-active versus inactive institutions might be con-
sidered unethical and recruitment of patients as well as hospitals would be rather challenging; not to
mention required funding and policy implications. Lange et al.’s (2012; 2014) approach requires that
there is no unmeasured confounding for the exposure-outcome relationship, exposure-mediator rela-
tionship, and mediator-outcome relationship. A limitation to the present analysis is that, for example,
no data on socioeconomic status was available from the quality assurance program. Patients with high
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socioeconomic status (e.g., higher income and insurance status) may find it easier and hence choose
to travel to specialized hospitals, which may be more likely to be research-active. In contrast, patients
with a low socioeconomic status may be less likely to choose research-active hospitals. The total effect
of research activity would then at least be partially caused by better general survival in patients with
a higher socioeconomic status (i.e., unmeasured confounding in the direct effect between exposure
and outcome). Lower socioeconomic status has occasionally been reported to be associated with lower
likelihood of receiving appropriate therapy (i.e., unmeasured confounding in the exposure-mediator
relationship). Although these limitations formally apply to the present analysis, the current evidence
for treatment differences and prognostic value of socioeconomic status is rather inconsistent. While
some authors report that adherence to treatment guidelines for advanced-stage ovarian cancer is as-
sociated with equivalent survival benefit across socioeconomic subgroups (Bristow et al. 2015b), oth-
ers reported that higher socioeconomic status was associated with a greater probability of undergoing
surgical resection and with improved survival in patients with ovarian cancer (Gardy et al. 2019). In
addition, this thesis used data from a German quality program. Germany has one of the best and most
comprehensive health care systems in the world with an excellent insurance coverage.

Finally, the focus on only two mediators might be seen as a limitation regarding other possible causal
pathways; it does, however, not invalidate or bias the effect estimates for the potential mediators
(Lange et al. 2014). While it is crucial to include all relevant confounders, the causal models of Lange
et al. (2012; 2014) do not require inclusion of all relevant mediators. Of course, the omission of rele-
vant mediators might result in a higher weight of the direct path that summarizes all the unexplained
effects between exposure and outcome. In fact, it is a plausible notion that there is no direct relation-
ship between institutional research activity and patient survival at all; in other words, any effect of
institutional research activity on patient survival is “mediated” by something in some way or another.
The question here is again, what is the exact definition of such a structural characteristic like “research
activity” and if this characteristic is a stand-alone feature or if this is rather a result of other factors.

4.6 Recent developments

4.6.1 Institutional research activity
In January 2023, the Lancet Oncology European Groundshot Commission published 12 recommenda-
tions, which, if acted upon, would reimagine a cancer research agenda for Europe (Lawler et al. 2023).
Already in the abstract, the authors state that “patients treated in research-active hospitals have bet-
ter outcomes than patients who are not treated in these settings” (p. e11). The commission unites a
large and diverse group of specialists, accompanied by comprehensive new data regarding cancer re-
search endeavors throughout Europe over the past 12 years. Their conclusion states that cancer re-
search is vital for improved care, and research participation can boost organizational performance.
They suggest that research-active hospitals may adopt new evidence-based practices more quickly.
Furthermore, they contend that positive outcomes are directly linked to research activity, but that
such a research activity needs to be broad and needs to cover domains from public health and cancer
through to surgery, chemotherapy and radiotherapy, and even palliative care. As a result, a research-
active health system that supports a wide variety of fundamental research, discovery research, and
applied cancer research (including the translation of this research into patient-focused applications) is
essential for truly improving patient outcomes. The commission’s recommendations build upon some
of the research findings cited in this thesis, especially the more recent studies exploring the relation-
ship between research activity and improved patient outcomes (with more detailed results available
in Section 4.3): For example, Boaz et al. (2015) concluded that clinicians and healthcare organizations
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involved in research are likely to see improvements in healthcare performance, even if that was not
the primary research goal. They also noted that traditional performance measures often overlooked
research activity. Similarly, Harding et al. (2017) found a positive association between “research cul-
ture” and organizational performance, concluding that a stronger research culture benefits patients,
staff, and the organization. Downing et al. (2017) reported that patients with colorectal cancer treated
in research-active hospitals had better outcomes, with the impact of research participation on survival
being comparable to the overall patient population impact seen after a successful interventional trial.
Selby et al. (2019a; b) explored how clinical cancer research can enhance health outcomes, concluding
that institutions actively engaged in research are generally more receptive to innovation and incorpo-
rate them at a faster pace. The authors emphasized the importance of evidence-based practice derived
from the current literature, which serves as the foundation for guidelines and best practice in trials.
They also highlighted the crucial role of discovery science and translational research in driving innova-
tions tested in RCTs. When these trials yield positive results, they create a new evidence base for best
practices, ultimately leading to improved patient outcomes both within the trial and for the larger
patient population benefiting from the adoption of novel approaches. The authors suggested that
these mechanisms collectively contribute to better patient outcomes through clinical research and
advocated for investing in the necessary infrastructure as a potentially cost-effective approach to im-
proving healthcare outcomes in oncology. Overall, clinical trial participation's impact on cancer patient
outcomes remains relevant yet a subject of debate (Engelbak Nielsen et al. 2020).

4.6.2 Ovarian cancer treatment and outcomes in Germany

The data from the ongoing quality assurance program QS-OVAR has consistently shown that the quality
of ovarian cancer treatment in Germany has steadily improved over the years (Harter et al. 2020). The
latest 2016 cohort results with a 5-year follow-up were presented at several national and international
conferences in 2022. Unsurprisingly, they reaffirmed that the outcome of patients with ovarian cancer
still largely depends on the quality of treatment and the expertise of the treating physicians and insti-
tutions. In early ovarian cancer, the best prognosis could be achieved if surgery and chemotherapy
were done according to treatment guidelines (Sehouli et al. 2022). In advanced ovarian cancer, the
results confirmed that overall survival was best when complete tumor resection was achieved at pri-
mary surgery and patients received combination chemotherapy with maintenance treatment (Mahner
et al. 2022). These findings further support the importance of research activity and adherence to evi-
dence-based practices in improving patient outcomes. The enduring relevance of the topic today is a
testament to the insights gained from the past cohorts of QS-OVAR.

4.6.3 Mediation analysis

The concept of mediation analysis is not new, as it can be traced back to Wright (1934) and gained
popularity in the social sciences almost four decades ago with the publication of the influential work
by Baron and Kenny (1986). Nonetheless, the mediation analysis techniques remain an active research
area, with growing interest in causal processes and ongoing advancements in the theory, methods,
and computing tools (VanderWeele 2015; VanderWeele 2016). Mediation analysis, once predomi-
nantly utilized in psychology, is now increasingly embraced in healthcare research where it serves two
main objectives: understanding the mechanisms underlying the treatment effects and identifying po-
tential targets for upcoming interventions. Most importantly, it has been recognized that mediation
analyses of randomized trials and observational studies can generate evidence about the mechanisms
by which interventions and exposures may influence health outcomes (Emsley et al. 2010). The hope
is that a deeper understanding of these mechanisms will allow for their specific improvement,
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eventually leading to improved health outcomes. Therefore, it does not come as a surprise that the
number of publications that include the term “mediation analysis” in the title or text has been steadily
increasing over the past few years (Nguyen et al. 2021). To date (Google Scholar, August 2023), Baron
and Kenny’s (1986) seminal paper on mediation analysis has been cited over 120,000 times. This pub-
lication seems to have sparked most of the mediation analyses that are still seen today.

Although the “traditional” mediation approach as proposed by Baron and Kenny in 1986 is intuitive
and easy to implement, it has several limitations (see also Section 1.4 of this thesis). First, it requires
fulfilling a series of stepwise tests to quantify the degree of mediation starting with the exposure-
outcome effect. The proposed tests are conservative and have low statistical power due to the condi-
tion of requiring a non-zero relationship between exposure and outcome for further investigation of
mediation (MacKinnon et al. 2002). The evidence for mediation is strongest when there is full media-
tion meaning that there is an indirect effect of exposure on outcome via the mediator but no direct
effect. There is only partial mediation when both indirect and direct effects are present. lacobucci
(2008, p. 12) noted that, “when all tests are properly conducted and reported, the majority of articles
conclude with partial mediation.” Finally, the effect definitions are highly model dependent. To quan-
tify the degree of mediation, simple formulas combine parameter estimates obtained from a series of
regressions. The resulting difference and product tests were originally intended for linear relationships
with continuous outcomes. Unfortunately, these traditional methods do not work for non-normally
distributed variables and especially not for censored time-to-event outcomes (Gelfand et al. 2016).

Fortunately, over the past decade, mediation analysis has witnessed rapid and significant methodo-
logical advancements overcoming the constraints of the traditional approach. In this context, espe-
cially the incorporation of the causal inference in mediation analysis can be considered a game changer
as described by Nguyen et al. (2021): First, causal mediation analysis enabled effect definitions with
more specific causal interpretation than available before. Moreover, causal mediation analysis clarified
the assumptions required for the effect identification, and eventually broadened the spectrum of op-
tions for estimating such effects from data. Critically, the causal inference method distinguishes be-
tween the definition of an effect that researchers aim to estimate and the process of estimating it.
Effects are defined in a model-independent way, truly relying on reasoning that aligns with the concept
of a causal effect. The framework for this objective is the counterfactual framework (Rubin 2004),
where a causal effect is described as a comparison between potential outcomes under two distinct
conditions for the same individual or group.

At least five reviews on the use of mediation analyses were published in the most recent years. The
first review focused on mediation models with time-to-event outcomes (Lapointe-Shaw et al. 2018).
Two more reviews focused either on mediation analysis of experimental data from randomized con-
trolled trials (Vo et al. 2020) or mediation analysis of observational data (Rijnhart et al. 2021). Another
review focused on a special area of interest, namely the use of mediation analysis in the field of psy-
chology and psychiatry (Stuart et al. 2021). Finally, one “meta review” assessed other systematic re-
views of mediation analysis (Cashin et al. 2019). All reviews distinguished between the two approaches
for conducting mediation analysis: The traditional approach based on the comparison between regres-
sion models with and without conditioning on the mediator and the more modern approach using the
counterfactual framework decomposing the total effect into direct and indirect effects. In the follow-
ing paragraph, | will provide a concise summary of the five recent reviews on mediation analyses, which
cover different focuses but share similar conclusions on mediation analysis usage and reporting.
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Cashin et al. (2019) found in their review of reviews that over the past decade, there were 54 published
systematic reviews including 2008 primary mediation studies, across 11 health care fields and 26
health conditions. Limitations in reporting quality were identified in 18 (33%) of these 54 systematic
reviews , and 29 (54%) systematic reviews stated limitations in the methodological conduct of the pri-
mary mediation studies. The authors concluded that there is an urgent need to improve the reporting
and methodological quality of studies investigating mediation. This conclusion underscores the im-
portance of rigorous methodology and transparent reporting in mediation studies, a sentiment echoed
by other researchers in the field.

Lapointe-Shaw et al. (2018) studied the use and reporting of mediation analysis with a time-to-event
outcome in healthcare research. This review consisted of 149 primary studies, published from 1997 to
2016, including the main publication of the present thesis (Rochon et al. 2014). The review found an
increasing use of mediation analysis across various clinical fields over time, with a focus on understand-
ing patient-related factors that explain the onset of a disease. Most (74%) of the 149 studies were
published after 2011, and the annual number of studies nearly doubled in the last year (from 21 to 40
studies per year). Most studies used traditional mediation analysis, and even more than half of the
studies (58%) took a traditional approach using the four steps proposed by Baron and Kenny (1986)
for the evaluation of mediation by means of regression models (see also Section 1.4 of this thesis).
Only 35% of the reviewed studies mentioned any of the underlying assumptions or limitations funda-
mental to a causal interpretation of mediation analysis. Most studies (77%) used a Cox proportional
hazards regression for the outcome of interest. The authors highlighted the need for better reporting,
consideration of assumptions, and awareness of the limitations of Cox proportional hazards regression
for common (i.e., not rare) outcomes in mediation analysis (VanderWeele, 2011).

Vo et al. (2020) conducted a systematic review by searching MEDLINE (from January 2017 until De-
cember 2018) for RCTs or secondary analyses of previously published RCTs that reported a mediation
analysis. In line with Lapointe-Shaw et al. (2018), the authors found that most mediation analyses used
the traditional Barron and Kenny (1986) stepwise approach (96%). In contrast, the causal inference
approach, was rarely used in clinical research practice. Most studies did not report any sample size
calculations for the mediation analysis, nor did they assess potential treatment-by-mediator interac-
tions. In 53% of the investigated studies, mediators and outcomes were measured simultaneously,
raising into question if the authors adequately included causal relationships in their theoretical con-
siderations. In 57% of studies, mediator-mediator and mediator-outcome confounders were adjusted
for in the analysis, although adjustment was often limited to few potential confounders. Only about
30% of studies discussed the assumptions underlying the conducted mediation analysis.

Rijnhart et al. (2021) included 174 studies in their review of mediation analysis in observational studies,
most of which (71%) again applied traditional mediation analysis methods. Causal mediation analysis
was mainly used to analyze more complicated mediation models, such as multiple mediator models.
Most studies adjusted their analyses for measured confounders but did not perform any sensitivity
analyses for unmeasured confounders nor did they assess the presence of an exposure-mediator in-
teraction. The authors recommended that researchers employ causal mediation analysis and evaluate
the plausibility of causal assumptions to guarantee the causal interpretation of direct and indirect ef-
fect estimates. Additionally, they suggested that the adoption of causal mediation analysis could be
improved through instructional papers and the creation of software packages that simplify the estima-
tion of causal effects for more complex models, such as multilevel and longitudinal mediation models.
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Finally, Stuart et al. (2021) found in their review of 206 articles that included a mediation analysis
published in top-tier psychology and psychiatry journals in 2013—2018, that nearly all the articles (97%)
used the traditional mediation analysis approach and only 3% used causal mediation analysis. In most
studies, the underlying assumptions were not tested or even mentioned. One important takeaway
from this review was that mediation analysis inherently assumes that the exposure affects the media-
tor, and both the exposure and mediator influence the outcome. In other words, mediation is based
on a causal hypothesis, which serves as the foundation for all methodological approaches used to eval-
uate it. This causal hypothesis necessitates a temporal sequence of these variables, which should be
evident in the data. Without this temporal sequence in the data, it is impossible to confirm that the
order is exposure, followed by mediator, and then outcome, rather than a different sequence. The
authors discovered that only 24% of the 206 articles reviewed had a temporal ordering of all three
variables: exposure, mediator, and outcome. This percentage is similar to what was found in a 2007
review of psychology research (Maxwell and Cole 2007). Temporal ordering was more prevalent in
randomized trials, with approximately 80% having at least temporal ordering of exposure before me-
diator or mediator before outcome (and nearly 50% having full temporal ordering of all three varia-
bles); this finding aligns with the results reported by Vo et al. (2020). Nonetheless, one should keep in
mind that a given temporal order of A, M, and Y does not automatically imply a causal relationship.
Moreover, obtaining cross-sectional data does not rule out causal hypotheses and testing for media-
tion may still be suitable using purely retrospective data collected at a single time point.

In conclusion, the five reviews consistently highlighted that while the use of mediation analysis has
increased, the uptake of causal mediation analysis in applied research remains relatively low and the
quality of reporting in these studies is poor. To overcome the latter problem, the US Berkeley Initiative
for Transparency in the Social Sciences and the Center for Effective Global Action funded a project to
develop “A Guideline for Reporting Mediation Analyses”: AGReMA. The international consensus pro-
cess described in Cashin et al. (2020) produced a 25-item AGReMA checklist statement and a 9-item
AGReMA short-form (AGReMA-SF). The scope of the AGReMA statement covers primary and second-
ary mediation analyses of randomized trials and observational studies, and it is intended to be general
so that it can guide the reporting of most mediation analyses (Lee et al. 2021). Through implementa-
tion of this guideline, causal mediation analysis may gain momentum, and researchers may become
more inclined to adopt these methods in their future studies. Overall, the expectation is that AGReMA
will help to improve the transparency, reproducibility, and overall quality of mediation analysis report-
ing, contributing to more robust and reliable findings, and ultimately enhancing the impact of media-
tion analysis in healthcare research.

Key technical articles on causal mediation analysis were published between 2009 and 2012
(VanderWeele and Vansteelandt 2009; Imai et al. 2010; VanderWeele and Vansteelandt 2010; Pearl
2012; Lange et al. 2012; Vansteelandt et al. 2012), but its application has been slow due to its novelty
and technical complexity. The lack of practical guidelines and understanding of causal approaches, as
well as unfamiliarity with the necessary coding, have also been barriers. Beyond the anticipated posi-
tive effects of AGReMA, the growing availability of causal mediation analysis software is expected to
increase its use. Recent guides such as VanderWeele’s (2016) practitioner’s guide or Lipsky and Green-
land’s (2022) guide illustrating the use of causal directed graphs are helping to facilitate learning and
application of this methodology in a broader community. Other articles like Preacher’s (2015) review
synthesizing four methodological research areas or the most recent work by Cashin et al. (2023) focus-
ing on the “understanding how health interventions or exposures produce their effects using
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mediation analysis” (p. 1), are aiming to disseminate methodological advancements not only to statis-
ticians and suggest future research directions for mediation analysis. Web applications for power and
sample size calculations for causal mediation analysis have just been made available (e.g., Qin, in
press). In addition, prominent research centers and funding organizations have recently advocated for
mediation analysis. For example, the new version of the Medical Research Council framework for de-
veloping and evaluating complex interventions not only encourages “a wider range and combination
of research perspectives and methods, which answer questions beyond efficacy and effectiveness” but
even explicitly uses the term mediation in one of the questions that should be asked by decision mak-
ers: “How are the intervention effects mediated by different settings and contexts?” (Skivington et al.
2021, p. 3). Finally, there is also growing interest from regulators and the pharmaceutical industry in
statistical analyses that provide insights into causal mechanisms of action. A recent example is the
causal mediation analysis with time-to-event endpoints (Vansteelandt et al. 2019) based on data from
LEADER, a large cardiovascular outcome trial (Marso et al. 2016).

The rising interest in causal mediation analysis from various stakeholders, including regulators, payers,
research institutions and pharmaceutical sponsors, indicates a promising future for this method. As
understanding and resources grow, its use in healthcare research will likely increase, improving the
reliability of findings and offering insights into causal mechanisms. Harnessing the full potential of this
innovative approach will hopefully drive progress in medicine and lead to better patient outcomes.

4.7 Conclusion

In conclusion, this thesis explored the widely held assumption that engagement in research by clini-
cians and health care institutions improves health care performance and outcomes. The focus was
specifically on the treatment of ovarian cancer in Germany. The study uncovered considerable defi-
ciencies in treatment and identified areas for improvement. A beneficial trial participation effect was
found in the first cohort, suggesting that hospital participation in trials may influence treatment pro-
cesses and patient survival. However, this hypothesis was not confirmed in later cohorts, leaving the
impact of clinical trial participation on cancer patient outcomes a controversial topic.

Improving the quality of care is crucial, and based on the results from this thesis, the priority should
be first on optimizing processes of care (i.e., treatment) and then on enhancing outcomes (i.e., patient
survival). The effects of institutional research activity on patient outcomes remain not fully under-
stood, emphasizing the need for further work to investigate causal pathways. This thesis recommends
employing causal mediation analysis to gain insights into the mechanisms of exposure-outcome ef-
fects. The introduced methodology enables researchers to explore potential mechanisms, shifting
from the question "Does it work?" to answering "How does it work?" for a wide range of variable types.
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5 Summary

5.1 Summary (English)

Randomized controlled trials are considered the gold standard for the development and approval of
new treatments in evidence-based medicine. The effects of individual participation in clinical research
have been discussed in the literature for decades, particularly in the field of oncology. The present
thesis investigated whether institutional participation in clinical trials has an influence on the quality
of care and how this affects treatment outcomes in patients with ovarian cancer, regardless of whether
the patients participate in clinical trials or not. The focus of the thesis was on exploring the underlying
mechanisms in Donabedian's triad of health care with structure, process, and outcome as a conceptual
framework, while taking into account methodological challenges of observational studies.

The thesis used data from three cohorts of a German quality assurance program for ovarian cancer.
The hypothesis was that institutional research activity is associated with better adherence to treat-
ment guidelines for ovarian cancer and that this, in turn, leads to better treatment outcomes for the
affected patients. Surgical standards and guideline-based administration of chemotherapy were as-
sumed as potential mediators between hospital-related participation in clinical trials and overall sur-
vival of patients. In the study, a new method for causal mediation analysis was introduced and further
developed for various scenarios and types of variables, enabling the investigation of direct and indirect
effects of institutional research activity on patient survival, i.e., a time-to-event outcome with censor-
ing. This made it possible for the very first time in this context to examine and quantify causal pathways
between structural characteristics of the treating institution, process variables reflecting treatment
quality, and patient-relevant outcomes such as survival. This also allowed for the practical embedding
of Donabedian's quality model and the integration of its three components (structure, process, and
outcome) into a single analysis model. In addition, patient and disease characteristics could be taken
into account. The problem of clustering was solved by bootstrap techniques.

The study showed heterogeneity in the treatment of ovarian cancer in Germany and identified oppor-
tunities for improvement. It turned out that hospitals participating in clinical trials provided better
care, at least in the first cohort, and thus achieved longer overall survival for their patients. In later
cohorts, however, this effect was no longer observed. Therefore, the dissertation concluded that the
question of whether participation in clinical trials improves the outcome in patients with cancer diag-
nosis remains highly relevant but controversial.

Adherence to treatment guidelines for ovarian cancer improved over time. Surprisingly, this improve-
ment in treatment quality did not translate into even longer survival for the affected patients. Future
efforts in this area should therefore be aimed at translating new findings from clinical research into
daily practice in a timely manner, but also at further examining influencing variables on treatment
success in order to ensure the best possible care for patients with ovarian cancer while at the same
time achieving longer overall survival. For the investigation of the underlying mechanisms of action,
causal mediation analyses should be used.
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5.2 Zusammenfassung (Deutsch)

Randomisierte kontrollierte Studien gelten als Goldstandard fiir die Entwicklung und Zulassung neuer
Behandlungsmethoden in der evidenzbasierten Medizin. Effekte individueller Teilnahme an klinischer
Forschung werden in der Literatur seit Jahrzehnten diskutiert, insbesondere im Bereich der Onkologie.
In der vorliegenden Arbeit wurde untersucht, ob institutionelle Teilnahme an klinischen Studien einen
Einfluss auf die Versorgungsqualitat hat, und wie sich diese auf Behandlungsergebnisse bei Patientin-
nen mit Eierstockkrebs auswirkt — unabhangig davon, ob die Patientinnen selbst an klinischen Studien
teilnehmen oder nicht. Im Mittelpunkt der Arbeit lag die Erforschung der Wirkmechanismen in Do-
nabedians sogenannter Triade der Gesundheitsversorgung mit Struktur, Prozess und Ergebnis als kon-
zeptionellem Rahmen, und unter Beriicksichtigung methodischer Herausforderungen von Beobach-
tungsstudien.

Fir die Arbeit wurden Daten aus drei Kohorten eines deutschen Qualitatssicherungsprogramms der
Kommission Ovar der Arbeitsgemeinschaft Gynakologische Onkologie verwendet. Die Hypothese war,
dass institutionelle Forschungsaktivitat mit besserem Befolgen von Behandlungsleitlinien einhergeht
und dies wiederum zu besseren Behandlungsergebnissen bei Patientinnen mit Eierstockkrebs fiihrt.
Als potenziell vermittelnde Variablen wurden chirurgische Standards und leitliniengerechte Chemo-
therapie angenommen. Es wurde eine neue Methode zur kausalen Mediationsanalyse eingefiihrt und
fir verschiedene Szenarien und Arten von Variablen weiterentwickelt, mit der direkte und indirekte
Auswirkungen institutioneller Forschungsaktivitat auf das Uberleben von Patientinnen, also einer zeit-
lichen ZielgroRRe mit Zensierung, untersucht werden kénnen. Hierdurch war es in diesem Kontext erst-
mals moglich, kausale Pfade zwischen Struktureigenschaften der behandelnden medizinischen Einrich-
tung, Uber Prozessvariablen, die die Behandlungsqualitat widerspiegeln, hin zu patientenrelevanten
ZielgroBen wie Uberleben zu priifen und zu quantifizieren. Dies erlaubte zudem die praktische Einbet-
tung des Qualitatsmodells nach Donabedian und die Integration seiner drei Komponenten (Struktur,
Prozess und Ergebnis) in ein einziges Analysemodell. AuRerdem konnten Patientinnen- und Krankheits-
merkmale beriicksichtigt werden. Das Problem der Clusterung von Patientinnen in behandelnden
Krankenhdusern wurde durch Bootstrap-Techniken gel6st.

Die Studie zeigte die Heterogenitat in der Behandlung von Eierstockkrebs in Deutschland und identifi-
zierte Moglichkeiten fiir Verbesserungen. Es stellte sich heraus, dass Krankenhduser, die an klinischen
Studien teilnahmen, zumindest in der ersten Kohorte bessere Versorgung boten und hierdurch auch
ein langeres Gesamtiiberleben fiir ihre Patientinnen erzielten. In spateren Kohorten war dieser Effekt
allerdings nicht mehr zu beobachten. Daher kam die Dissertation zu dem Schluss, dass die Frage, ob
die Teilnahme an klinischen Studien die Prognose bei einer Krebsdiagnose verbessert, zwar nach wie
vor hohe Relevanz hat, allerdings kontrovers bleibt.

Die Einhaltung von Behandlungsleitlinien bei Eierstockkrebs verbesserte sich im Laufe der Zeit. Uber-
raschenderweise lbersetzte sich diese Verbesserung der Behandlungsqualitdt jedoch nicht in noch
lingere Uberlebenszeiten fiir die betroffenen Patientinnen. Zukiinftige Bemihungen in diesem Be-
reich sollten daher darauf ausgerichtet sein, neue Erkenntnisse aus klinischer Forschung zeitnah in die
tagliche Praxis zu Ubersetzen, aber auch weitere Einflussvariablen auf die Prognose ndher zu untersu-
chen, um einerseits fir Krebspatientinnen die bestmogliche Versorgung zu gewahrleisten, zugleich
aber auch ein langeres Gesamtiiberleben zu erzielen. Fiir die Untersuchung der zugrundeliegenden
Wirkmechanismen sollten kausale Mediationsanalysen verwendet werden.
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7 Own publications

This dissertation thesis was done in the context of a German quality assurance program ("Quality As-
surance of Ovarian Cancer Treatment", QS-OVAR). QS-OVAR is an initiative of the Arbeitsgemeinschaft
Gynaekologische Onkologie (AGO) Organkommission OVAR, a subcommittee of the German Cancer
Society. The aim of this program is to describe the pattern and quality of care of patients with ovarian
cancer in Germany as well as to improve their outcomes.
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verified the accuracy and plausibility of the data. The use of QS-OVAR data for my dissertation was
approved by Prof. Andreas du Bois on behalf of AGO-OVAR. In collaboration with MMF GmbH, | carried
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