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General Introduction

Over the last decades treatment guidelines have increasingly been based on the best
available scientific evidence. In the early 1990s(1) the concept of Evidence Based Medi-
cine (EBM) was introduced as a systematic approach to analyse published research as the
basis of clinical decision making. The implementation of EBM was taken up worldwide
by the Cochrane Collaboration. The existing medical scientific literature, with special at-
tention to randomized trials, was summarized in tightly protocolized systematic reviews,
which were then widely distributed through the Cochrane Library.(2) In this framework,
meta-analysis of randomized clinical trials (RCTs) are regarded as the gold standard to
provide evidence of causal effectiveness of medical interventions.(3)

However, RCTs are increasingly criticised for several reasons. First, RCTs have strict in-
clusion criteria limiting the generalizability for the full population of patients. Moreover,
financial, ethical, and practical constraints prevent RCTs from being conducted for all
clinical questions to guide clinical decision-making.(4) Also, recruitment of sufficient
numbers of patients is a challenge in RCTs. Patients’treatment preferences and clinicians’
lack of perceived equipoise are often cited as barriers to recruitment in RCTs.(3, 5, 6)

Recently, comparative effectiveness research (CER) gained increasing attention as a
method to deliver broadly generalizable evidence on effectiveness of interventions. CER
is the direct comparison of existing health care interventions to determine which work
best for which patients and which pose the greatest benefits and the least harms.(7) The
core question of CER is which treatment works best, for whom, and under what circum-
stances.(7) CER is not using data from patients with random allocation of treatments
as in an RCT, but may include pragmatic RCTs or observational data that represent the
current practice of treatments in ‘real life’. Partly due to the ample availability of observa-
tional data, there is increasing attention for observational and quasi-experimental study
designs that can be applied in such data.

The most important methodological challenge in observational data, is to determine
whether the medical intervention under study is causally related to an outcome, rather
than simply being correlated with another factor that is truly causally related to the out-
come under study.(3) This is a particular threat as in observational studies comparison
groups are different because of non-random treatment allocation. Patients are treated
in accordance to the preferences of treating physicians, rather than because of a coin
flip, like in randomized studies.(8, 9) These treatment choices are frequently informed by
a patient’s severity of illness. The treatment may be associated with outcome but could
be interfered by other factors like disease severity that are causally related to outcome.
Thus, observational studies assessing the causal effect of treatments are at risk of obtain-
ing incorrect results. This type of bias is called confounding by indication.(4) It has been
suggested that among non-randomized study designs, the quasi-experimental regres-
sion discontinuity (RD) design mostly resembles an RCT and overcomes confounding
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by indication.(10, 11) But the methodological properties of this alternative study design
are still unclear, and methods to increase the validity and efficiency need to be studied.
Thus, both randomized and non-randomized studies, like the RD design, have challeng-
es to overcome. In this thesis, methodological challenges in both randomized and non-
randomized studies are addressed. The benefits of covariate adjustment and proportional
odds analysis, two different methods to optimize the validity and reliability of treatment
effect estimates from RTCs in heterogeneous diseases are studied. Also, the (in)efficiency
and threats to the validity of the RD design to estimate treatment effects are examined.

Randomized controlled trials

An RCT is an experimental study design in which the treatment is randomly allocated to
patients. Random allocation between treatment and control group in such a study design
means that patients are allocated to the groups in such a way that each participating
patient has an equal chance of being allocated to either the treatment group (receiv-
ing the treatment) or the control group (not receiving the treatment).(3) All factors that
can influence the outcome are on expectation equally distributed to the treatment and
control group. This means when a difference in outcome between the treatment- and
control group is found, this can be directly attributed to the treatment under study. The
mostimportant strength of an RCT is this controlled assignment of treatment which gives
a good understanding of the assignment mechanism.(10) The treated and untreated
patients in an RCT are unconditionally exchangeable.(10) This makes it possible to draw
causal inference between treatment and the outcome under study in RCTs.

Nevertheless, RCTs may be difficult to set up in health care in practice for several
reasons. First, the increasing complexity of regulations and logistics to conduct an RCT
has raised the costs dramatically.(3, 12) Second, in part because of the high costs of RCT,
an increasing proportion of studies is initiated by pharmaceutical companies that may
influence the independency of the study. Third, patients may already receive a standard
treatment that cannot be withheld but may interfere with the effects of a new treatment.
Fourth, treating physicians may be convinced that the new treatment is better than the
standard treatment and consider it unethical to withhold the new treatment even is
the efficacy has not been proven.(3, 6) In addition, patient may have strong opinions
on the effectiveness or risks of new treatments and not be willing to participate in a
randomization. Hence, recruitment of adequate numbers of patients may be difficult in
RCTs. Failure to achieve recruitment goals limits statistical precision, leads to an increase
of costs, and decreases the efficiency of a RCT.(13) Even when investigators enrol a
sufficient number of participants, they rarely do so on schedule.(6, 14) In addition, low
recruitment rates threaten the generalizability of the findings in RCTs. A strict selection
of patients enrolled in trials may poorly represent the population of interest, which
limits the external validity of the results of a trial.(15, 16)
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Specific challenges of RCTs in heterogeneous and rare diseases

Besides these more general limitations of RCTs, specific challenges with regard to
efficiency arise when conducting RCTs in rare diseases with to the small numbers of
patients(17) and in heterogeneous populations(18). In such a scenario, different ap-
proaches can be used to optimize the design and analysis in an RCT.

Random treatment allocation in RCTs ensures that observed and unobserved patient
characteristics on average are similar between treatment arms.(17) However, it does
not ensure full balance in small trials.(17) Differences in baseline risk on outcome other
than treatment may arise between the treatment- and control group, simply due to
chance.(17) In diseases with large heterogeneity in pathogenesis and natural disease
course, severity and outcome, small differences in baseline risk on outcome between
the treatment arms may influence the estimation of the treatment effect. In part, this
effect can be compensated by increasing the number of patients included in the RCT.
As indicated before, the rate of inclusion of patients is already a critical factor in most
RCTs, but even more challenging in rare diseases. Small trials are also subject to a greater
chance of imbalance between treatment arms than large trials.(17) Furthermore, small
RCTs in rare diseases can easily fail to detect treatment benefits, due to lack of statistical
power.

Covariate adjustment and ordinal outcome analysis

Two approaches to optimize the design and analysis of an RCT to increase the statistical
power and to adjust for imbalances are covariate adjustment and ordinal analysis. Both
approaches have been applied successfully in various acute neurological diseases such
as stroke and traumatic brain injury.(19-21)

Covariate adjustment is a statistical method that adjusts the treatment effect for
baseline risk on poor outcome in the treatment and control arms. When the treatment
arms are unbalanced, the unadjusted estimate of the treatment effect may be biased. In
addition, covariate adjustment increases statistical power.(17, 18, 22) In order to adjust
for covariates in RCTs, it is required to have good knowledge on the prognostic factors
for outcome, as the gain in power from covariate adjustment is directly related to the
predictive strength of the adjustment model.(23) Prediction research can provide infor-
mation on which covariates are important to adjust for in the analysis of the treatment
effect.

Ordinal analysis is an approach to analyse a full ordinal outcome scale instead of a
dichotomized version. It is common in medical research to use a functional or clinical
outcome scale consisting of more than two categories, but often the ordinal outcome
scale is dichotomized into favorable or unfavorable outcome as primary outcome of
a study. In ordinal analysis the outcome is not dichotomized but analysed as the full
ordinal scale with proportional odds analysis, preventing loss of information that occurs
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when dichotomizing outcome measures.(24) Both simulation studies and empirical
validation studies in various fields have demonstrated that proportional odds analysis
increases the statistical power of RCTs.(24-27)

Non-randomized studies

There is an increasing interest to use non-randomized and observational data to study
the effectiveness of medical interventions, for example in the framework of comparative
effectiveness research. However, in observational data, it is complicated to draw causal
inference between treatment and outcome. The treated patients may be systematically
different from the control patients. For example, physicians could treat more severely af-
fected patients differently form less severely affected patients.(4, 28) The disease sever-
ity could influence the risk on outcome of interest and can thus be a confounder for the
causal relation between treatment and outcome. When this confounder is unmeasured
it is impossible to correct for it in the analysis. This can lead to bias in the treatment
effect estimate. This type of bias is called confounding by indication.

Regression discontinuity design

When performing an RCT is impossible, the quasi-experimental “regression disconti-
nuity” (RD) design is an alternative epidemiological design to study effectiveness of a
medical intervention. The RD design is common in social sciences, and was introduced
in public health and medicine in 1996.(29) RD has been evaluated in other fields(30-35),
but the importance of studying the feasibility and robustness of this design in clini-
cal settings has been noted.(36-38) It has been suggested that RD is the observational
design that most resembles an RCT.(10, 11) In the RD design, treatment is not assigned
randomly like in an RCT, but is allocated to a subset of patients, based on a cut-off of
a baseline assignment variable. A subset of patients below the cut-off, not receiving
a medical intervention, is considered as the control group. (Figure 1) E.g. all patients
with a baseline cholesterol level 5 mmol/L may receive treatment (intervention group)
and patients with a baseline cholesterol level below 5 mmol/L do not receive treatment
(control group). Such treatment assignment closely resembles clinical practice especially
when a standard treatment protocol is used and may thus facilitate easier recruitment
of participants into a prospective, comparative study. Due to the controlled treatment
assignment, an RD design achieves balance on unobserved factors between the treat-
ment- and control group, just like in an RCT. RD may provide an opportunity to obtain
unbiased causal treatment effect estimates, when an RCT is not feasible.(39) Moreover,
it might be attractive to apply the RD design as a prospective study because the chal-
lenges of the randomization of patients are eluded. However, it is unclear whether the
estimates from a quasi-experimental RD design might be different and substantially less
efficient compared to an RCT.
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Figure 1. Graphical presentation of the regression discontinuity design in 2 studies showing no treatment
effect (A) and showing a treatment effect (B).

Case-studies

The studies in this thesis test the different approaches to optimize the design and
analysis of randomized and non-randomized studies in several databases on different
neurological and cardio-vascular diseases.

Neurological diseases

Traumatic brain injury (TBI) is a serious public health problem with an estimated annual
incidence of up to 500 cases per 100,000 population in the USA and Europe.(40-42) TBI
is a major cause of death and disability, leading to great personal suffering for patients
and relatives and huge direct and indirect costs to society.(40) It is defined as an injured
brain as a result of an external force. TBI patients are variable with regard to causes,
pathophysiology, treatment, and outcome.(40) Mild TBI patients may show full recovery,
even without treatment. Severely affected TBI patients may develop serious psychologi-
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cal and physical disabilities or die. A systematic literature search of the years from 1980 to
2009 revealed 27 large phase lll trials in TBI; and at least further 6 unpublished trials.(43)
Nevertheless, these clinical trials failed to show convincing efficacy of the treatments
that were studied, mainly neuroprotective agents.(44-46) Currently the research efforts
in TBI are shifting towards large observational studies to identify optimal effective treat-
ments with CER.(47)

Guillain Barré Syndrome (GBS) is a life-threatening acute immune-mediated disorder
of peripheral nerves and nerve roots (polyradiculoneuropathy)(48, 49) GBS requires
early diagnosis and hospital admission for accurate monitoring, treatment and sup-
portive care. Worldwide, the reported GBS incidence rates, vary between 0.4 and 4
per 100,000 per year, depending on age, sex, region, study methodologies and case
ascertainment.(50) GBS is a heterogeneous disorder regarding pathogenesis, clinical
presentation, severity and course and patients highly differ with respect to the required
duration and intensity of hospital care.(51) Some patients with a mild form of GBS may
show full recovery even without treatment. Other patients with a severe form of GBS
may develop a full paralysis of the respiratory and limb muscles and require ventilation
at an ICU for months despite treatment and may die or remain severely disabled. The
current outcome of GBS is: a mortality rate of 5%, remaining unable to walk in 15% and
the majority with residual complaints that interfere with daily life. In the last decade,
various promising new immune-modulating treatments have been developed that may
be effective in GBS as well but in this period only a very limited number of RCTs have
been conducted in GBS worldwide. Because of these limitations, the treatment of GBS
remained unchanged in the last 25 years.

Dementia is defined as significant loss of intellectual abilities, including memory,
that is severe enough to interfere with social or occupational functioning. Increased life
expectancy is associated with a steep increase of both the incidence and prevalence of
dementia in the elderly. The number of 24.3 million patients that suffer from demen-
tia is projected to almost double every 20 years to 81.1 million by the year 2040.(52,
53) Alzheimer disease is the most common cause of dementia, followed by vascular
dementia.(52, 54) Treatment options for dementia are limited.(75, 76) Pharmaceutical
treatment options include cholinesterase inhibitors, memantine and experimental
medication. Cholinesterase inhibitors are only recommended for Alzheimer’s disease
and mixed dementia, not for vascular dementia or mild cognitive impairment. There is
no proof of effectiveness for the other pharmaceutical options.(55) Future randomized
and non-randomized studies should lead to both better prevention strategies and treat-
ment possibilities and could help to decrease the burden of dementia.
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Cardio-vascular diseases

Cardio-vascular disorders are also heterogeneous with regard to severity of symptoms,
nature of clinical failure. An example of cardio-vascular diseases that is used in this thesis
is acute myocardial infarction (Ml). Acute MI, also known as a heart attack, is a major cause
of morbidity and mortality worldwide. More than 3 million people each year are esti-
mated to have an acute ST-elevation myocardial infarction (STEMI), with more than 4
million having a non-ST-elevation myocardial infarction (NSTEMI).(56) However, more
effective treatment of patients hospitalized with acute myocardial infarction has led
to a substantial decrease in deaths due to acute MI.(57) Several RCTs have established
the beneficial effects and relative safety of several thrombolytic agents(58) (strepto-
kinase(59, 60) tissue plasminogen activator(61)) and adjunctive medical therapy(62)
(B-adrenergic antagonists(63), angiotensin-converting enzyme inhibitors).(64-67)

Studies used

For this thesis nine different datasets were used. An overview of the different studies,
their description and in which chapters the datasets were used, is presented in Table 1.

Aim of the thesis

The aim of the thesis is to investigate how to optimize the design and analysis of ran-
domized and non-randomized therapeutic studies, in order to increase the validity and
reliability of causal treatment effect estimates, specifically in heterogeneous diseases.
The following research questions will be addressed:
1) What are the benefits of more advanced statistical analyses to estimate treatment
effects from RTCs in heterogeneous diseases?
a. What is the heterogeneity in acute neurological diseases with regard to baseline
severity and further course of the disease?
b. What is the potential gain in efficiency of covariate adjustment and proportional
odds analysis in RCTs in Guillain-Barré syndrome (GBS)?
2) What is the validity and reliability of the RD design compared to an RCT to estimate
causal treatment effects?
a. What are threats to the validity of the RD design to estimate treatment effects
compared to an RCT?
b. How efficient is the RD design to estimate treatment effects compared to an RCT?
What are the potential benefits of an alternative assignment approach in an RD
design?

The thesis consists of two parts. In order to increase the validity and reliability in future

RCTs in heterogeneous diseases, in part | (chapter 2, 3 and 4) the design and analysis
of RCTs is studied. In chapter 2 the heterogeneity with regard to the current hospital
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Table 1. Overview of datasets used in this thesis.

Abbreviation Name Disease Description

PIV (68) Pandemic Influenza GBS The PIV study was originally designed to investigate the
& Vaccination study relation between GBS and the pandemic influenza A
(H1N1) virus. Neurologists from all Dutch hospitals were
requested to report patients diagnosed with GBS between
November 2009 and November 2010.
PEvs IVIg trial  Plasma Exchange GBS The PE vs IVIg trial was a multicenter double-blind
(69) (PE) vs Intravenous trial conducted between 1986 and 1989 and included
Immunoglobulin 147 patients. The control group received IVIg and the
(IVlg) trial treatment group received PE. The primary outcome was
improvement by one or more grades on the GBS disability
score after 4 weeks.
IVIg vs MP trial IVIg and placebo GBS In the IVIg vs MP trial, a multicenter double-blind trial,
(70) versus [Vig 225 patients were included between 1994 and 2000. The
and Methyl- patients receiving IVlg and placebo were considered as
Prednisolone (MP) control patients and the patients receiving IVlg and MP
trial were considered as treated patients. The primary outcome
was improvement by one or more grades on the GBS
disability score after 4 weeks.
IMPACT (71) International TBI The IMPACT study combines individual patient data from
Mission on 8 RCTs and three observational studies in moderate and
Prognosis and severe TBI, mainly from the US and Europe. In Chapter 3 in
Clinical Trail design this thesis we focused on the three observational studies
in TBI study (the European Brain Injury Consortium study (EBIC), the UK
four center study (UK4), and the Traumatic Coma Databank
(TCDB)). Patients were enrolled in these studies between
1984 and 1995.
CRASH (72) Corticosteroid TBI In the CRASH trial the effect of corticosteroids on death
Randomisation and disability after head injury was studied. CRASH
After Significant enrolled 10,008 patients between 1999 and 2005. The
Head injury trial primary outcome in CRASH was 14-day mortality.
TARN (73) Trauma Audit & TBI TARN is a hospital based trauma registry in England and
Research Network Wales including all patients with trauma resulting in
immediate admission to hospital for three days or longer
or death. The patients from TARN included in this study
were enrolled between 1990 and 2009.
preDIVA (52)  Prevention of Vascular An ongoing cluster-randomized trial to assess the efficacy
Dementia by disease / of a multicomponent, nurse-led intervention targeting
Intensive Vascular ~ dementia  all cardiovascular risk factors in an elderly population
Care study is (70-78 years). The primary outcome of this RCT is incident
dementia during 6 years of follow-up. Of 3533 patients
enrolled, 1894 are in the intervention and 1639 in the
control group.
PROSPER (74)  PROspective Study  Vascular The study was conducted between December 1997 and
of Pravastatin in disease May 1999 and enrolled 5804 patients, who were assigned

Erasmus University Rotterdam

elderly individuals
at risk of vascular
disease

to pravastatin (n=2891) or placebo (n=2913) to reduce the
risk of coronary disease in elderly individuals. The outcome
was a composite endpoint of coronary death, non-fatal
myocardial infarction and fatal or non-fatal stroke at 3.2
years on average after randomization.
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Table 1. (continued)

Abbreviation Name Disease Description

GUSTO (61) Global Utilization of Acute 30,510 patients were entered between 1990 and 1993.
Streptokinase and  myocardial 10,348 patients were assigned to treatment (accelerated
Tissue plasminogen infarction  tissue plasminogen activator) and 20,162 patients were
activator for used as control patients receiving streptokinase. The
Occluded coronary primary endpoint was 30-day mortality.
arteries trial

TBI =Traumatic Brain Injury, GBS = Guillain-Barré syndrome, RCTs = randomized controlled trials

admissions, transfers and costs in GBS is described (research question 1a). In chapter 3,
also concerning research question 1a, a meta-analysis of the prognostic value of major
extracranial injury in TBI patients is presented. Chapter 4 corresponds to research ques-
tion 1b regarding the potential gain in efficiency of covariate adjustment and ordinal
analysis in RCTs in GBS.

In part Il (chapter 5, 6 and 7) the validity and reliability of the RD design compared to
an RCT is addressed. Chapter 5 studies the validity and efficiency of the RD design in
continuous outcomes. Similar research to chapter 5 is done in chapter 6, studying the
validity and efficiency of the RD design in dichotomous outcomes. Chapter 7 focuses on
the potential benefits of an alternative assignment approach to increase the efficiency
of the RD design. The results of the studies in this thesis are further discussed in chapter
8, together with their implications.

Erasmus University Rotterdam 20\/»9\9

11



12

Erasmus Medical Center Rotterdam

REFERENCES

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Djulbegovic B, Guyatt GH. Progress in evidence-based medicine: a quarter century on. Lancet.
2017;390(10092):415-23.

Cochrane Library [Available from: http://www.cochranelibrary.com.]

Bowling A. Research methods in health : investigating health and health services. 2nd ed. Buck-
ingham ; Philadelphia: Open University Press; 2002. xiv, 486 p. p.

Sjoding MW, Luo K, Miller MA, Iwashyna TJ. When do confounding by indication and inadequate
risk adjustment bias critical care studies? A simulation study. Crit Care. 2015;19:195.

Smyth RM, Jacoby A, Altman DG, Gamble C, Williamson PR. The natural history of conducting and
reporting clinical trials: interviews with trialists. Trials. 2015;16:16.

Gotay CC. Accrual to cancer clinical trials: directions from the research literature. Soc Sci Med.
1991;33(5):569-77.

Greenfield S, Rich E. Welcome to the Journal of Comparative Effectiveness Research. Journal of
comparative effectiveness research. 2012;1(1):1-3.

Miettinen OS.The need for randomization in the study of intended effects. Stat Med. 1983;2(2):267-
71.

Walker AM. Confounding by indication. Epidemiology. 1996;7(4):335-6.

Labrecque JA, Kaufman JS. Commentary: Can a Quasi-experimental Design Be a Better Idea than
an Experimental One? Epidemiology. 2016;27(4):500-2.

Lee DS, Lemieux T. Regression Discontinuity Designs in Economics. Journal of Economic Litera-
ture. 2010;48:281-355.

Black N. Why we need observational studies to evaluate the effectiveness of health care. BMJ.
1996;312(7040):1215-8.

Vozdolska R, Sano M, Aisen P, Edland SD. The net effect of alternative allocation ratios on recruit-
ment time and trial cost. Clin Trials. 2009;6(2):126-32.

Halpern SD. Prospective preference assessment: a method to enhance the ethics and efficiency of
randomized controlled trials. Control Clin Trials. 2002;23(3):274-88.

Martinson BC, Crain AL, Sherwood NE, Hayes MG, Pronk NP, O'Connor PJ. Population reach
and recruitment bias in a maintenance RCT in physically active older adults. J Phys Act Health.
2010;7(1):127-35.

Gross CP, Mallory R, Heiat A, Krumholz HM. Reporting the recruitment process in clinical trials:
who are these patients and how did they get there? Ann Intern Med. 2002;137(1):10-6.
Thompson DD, Lingsma HF, Whiteley WN, Murray GD, Steyerberg EW. Covariate adjustment had
similar benefits in small and large randomized controlled trials. J Clin Epidemiol. 2015;68(9):1068-
75.

Roozenbeek B, Maas Al, Lingsma HF, Butcher |, Lu J, Marmarou A, et al. Baseline characteristics
and statistical power in randomized controlled trials: selection, prognostic targeting, or covariate
adjustment? Crit Care Med. 2009;37(10):2683-90.

Maas Al, Steyerberg EW, Marmarou A, McHugh GS, Lingsma HF, Butcher |, et al. IMPACT recom-
mendations for improving the design and analysis of clinical trials in moderate to severe trau-
matic brain injury. Neurotherapeutics. 2010;7(1):127-34.

Optimising Analysis of Stroke Trials C, Bath PM, Gray LJ, Collier T, Pocock S, Carpenter J. Can we
improve the statistical analysis of stroke trials? Statistical reanalysis of functional outcomes in
stroke trials. Stroke. 2007;38(6):1911-5.

Erasmus University Rotterdam Za.{uu.g



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

General Introduction

Optimising the Analysis of Stroke Trials C, Gray LJ, Bath PM, Collier T. Should stroke trials adjust
functional outcome for baseline prognostic factors? Stroke. 2009;40(3):888-94.

Turner EL, Perel P, Clayton T, Edwards P, Hernandez AV, Roberts |, et al. Covariate adjustment
increased power in randomized controlled trials: an example in traumatic brain injury. J Clin
Epidemiol. 2012;65(5):474-81.

Hernandez AV, Steyerberg EW, Butcher |, Mushkudiani N, Taylor GS, Murray GD, et al. Adjustment
for strong predictors of outcome in traumatic brain injury trials: 25% reduction in sample size
requirements in the IMPACT study. J Neurotrauma. 2006;23(9):1295-303.

Valenta Z, Pitha J, Poledne R. Proportional odds logistic regression--effective means of dealing
with limited uncertainty in dichotomizing clinical outcomes. Stat Med. 2006;25(24):4227-34.
McHugh GS, Butcher |, Steyerberg EW, Marmarou A, Lu J, Lingsma HF, et al. A simulation study
evaluating approaches to the analysis of ordinal outcome data in randomized controlled trials in
traumatic brain injury: results from the IMPACT Project. Clin Trials. 2010;7(1):44-57.

Roozenbeek B, Lingsma HF, Perel P, Edwards P, Roberts I, Murray GD, et al. The added value of
ordinal analysis in clinical trials: an example in traumatic brain injury. Crit Care. 2011;15(3):R127.
Saver JL. Novel end point analytic techniques and interpreting shifts across the entire range of
outcome scales in acute stroke trials. Stroke. 2007;38(11):3055-62.

Bosco JL, Silliman RA, Thwin SS, Geiger AM, Buist DS, Prout MN, et al. A most stubborn bias: no
adjustment method fully resolves confounding by indication in observational studies. J Clin
Epidemiol. 2010;63(1):64-74.

Shadish WR, Cook TD, Campbell DT. Experimental and Quasi-experimental Designs for General-
ized Causal Inference: Houghton Mifflin; 2002.

Cook TD, Shadish WR, Wong VC. Three conditions under which experiments and observational
studies produce comparable causal estimates: New findings from within-study comparisons.
Journal of Policy Analysis and Management. 2008;27(4):724-50.

Wong VC, Cook TD, Barnett WS, Jung K. An effectiveness-based evaluation of five state pre-
kindergarten programs. Journal of Policy Analysis and Management. 2008;27(1):122-54.

Aiken LS, West SG, Schwalm DE, Carroll JL, Hsiung S. Comparison of a Randomized and Two Quasi-
Experimental Designs in a Single Outcome Evaluation:Efficacy of a University-Level Remedial
Writing Program. Evaluation Review. 1998;22(2):207-44.

Goldberger AS. Selection Bias in Evaluating Treatment Effects: Some Formal lllustrations: Univer-
sity of Wisconsin--Madison; 1972.

Buddelmeyer H. An evaluation of the performance of regression discontinuity design on pro-
gresa: [Washington, D.C. : World Bank, 2004]; 2004.

Black D. Evaluating the Bias of the Regression Discontinuity Design Using Experimental Data.
Working paper, University of Chicago. 2007.

Vandenbroucke JP, le Cessie S. Commentary: regression discontinuity design: let’s give it a try to
evaluate medical and public health interventions. Epidemiology. 2014;25(5):738-41.

Bor J, Moscoe E, Mutevedzi P, Newell ML, Barnighausen T. Regression discontinuity designs in
epidemiology: causal inference without randomized trials. Epidemiology. 2014;25(5):729-37.
O’Keeffe AG, Geneletti S, Baio G, Sharples LD, Nazareth |, Petersen |. Regression discontinuity
designs: an approach to the evaluation of treatment efficacy in primary care using observational
data. BMJ. 2014;349:95293.

Moscoe E, Bor J, Barnighausen T. Regression discontinuity designs are underutilized in medi-
cine, epidemiology, and public health: a review of current and best practice. J Clin Epidemiol.
2015;68(2):122-33.

Erasmus University Rotterdam 24\/»9\9

13



14 Erasmus Medical Center Rotterdam

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

Maas Al, Murray GD, Roozenbeek B, Lingsma HF, Butcher I, McHugh GS, et al. Advancing care for
traumatic brain injury: findings from the IMPACT studies and perspectives on future research.
Lancet Neurol. 2013;12(12):1200-10.

Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and impact of traumatic brain injury:
a brief overview. J Head Trauma Rehabil. 2006;21(5):375-8.

Styrke J, Stalnacke BM, Sojka P, Bjornstig U. Traumatic brain injuries in a well-defined population:
epidemiological aspects and severity. J Neurotrauma. 2007;24(9):1425-36.

Maas Al, Roozenbeek B, Manley GT. Clinical trials in traumatic brain injury: past experience and
current developments. Neurotherapeutics. 2010;7(1):115-26.

Maas Al, Steyerberg EW, Murray GD, Bullock R, Baethmann A, Marshall LF, et al. Why have recent
trials of neuroprotective agents in head injury failed to show convincing efficacy? A pragmatic
analysis and theoretical considerations. Neurosurgery. 1999;44(6):1286-98.

Bullock MR, Lyeth BG, Muizelaar JP. Current status of neuroprotection trials for traumatic brain
injury: lessons from animal models and clinical studies. Neurosurgery. 1999;45(2):207-17; discus-
sion 17-20.

Narayan RK, Michel ME, Ansell B, Baethmann A, Biegon A, Bracken MB, et al. Clinical trials in head
injury. J Neurotrauma. 2002;19(5):503-57.

Maas Al, Menon DK, Steyerberg EW, Citerio G, Lecky F, Manley GT, et al. Collaborative European
NeuroTrauma Effectiveness Research in Traumatic Brain Injury (CENTER-TBI): a prospective longi-
tudinal observational study. Neurosurgery. 2015;76(1):67-80.

Hughes RA, Cornblath DR. Guillain-Barre syndrome. Lancet. 2005;366(9497):1653-66.

Willison HJ et al. Guillain-Barré syndroom, Lancet. 2016 Aug 13;388(10045):717-27.

van der Maas NA, Kramer MA, Jacobs BC, van Soest EM, Dieleman JP, Kemmeren JM, et al.
Guillain-Barre syndrome: background incidence rates in The Netherlands. J Peripher Nerv Syst.
2011;16(3):243-9.

Fokke C, van den Berg B, Drenthen J, Walgaard C, van Doorn PA, Jacobs BC. Diagnosis of Guillain-
Barre syndrome and validation of Brighton criteria. Brain. 2014;137(Pt 1):33-43.

Richard E, Van den Heuvel E, Moll van Charante EP, Achthoven L, Vermeulen M, Bindels PJ, et
al. Prevention of dementia by intensive vascular care (PreDIVA): a cluster-randomized trial in
progress. Alzheimer Dis Assoc Disord. 2009;23(3):198-204.

Ferri CP, Prince M, Brayne C, Brodaty H, Fratiglioni L, Ganguli M, et al. Global prevalence of demen-
tia: a Delphi consensus study. Lancet. 2005;366(9503):2112-7.

Fratiglioni L, Launer LJ, Andersen K, Breteler MM, Copeland JR, Dartigues JF, et al. Incidence of
dementia and major subtypes in Europe: A collaborative study of population-based cohorts.
Neurologic Diseases in the Elderly Research Group. Neurology. 2000;54(11 Suppl 5):510-5.

Blom K, van den Elsen GAH, Koek HL, Sanders JB, Kruithof HC, Claassen J. [Treatment of dementia].
Ned Tijdschr Geneeskd. 2017;161(0):D1851.

Kasliwal RR. Acute coronary syndrome. Gurgaon, Haryana, India: Elsevier; 2009.

Dalen JE, Alpert JS, Goldberg RJ, Weinstein RS. The epidemic of the 20(th) century: coronary heart
disease. Am J Med. 2014;127(9):807-12.

Indications for fibrinolytic therapy in suspected acute myocardial infarction: collaborative over-
view of early mortality and major morbidity results from all randomised trials of more than 1000
patients. Fibrinolytic Therapy Trialists’ (FTT) Collaborative Group. Lancet. 1994;343(8893):311-22.
Randomised trial of intravenous streptokinase, oral aspirin, both, or neither among 17,187 cases
of suspected acute myocardial infarction: ISIS-2. ISIS-2 (Second International Study of Infarct
Survival) Collaborative Group. Lancet. 1988;2(8607):349-60.

Erasmus University Rotterdam Za.{uu.g



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

General Introduction

Effectiveness of intravenous thrombolytic treatment in acute myocardial infarction. Gruppo Ital-
iano per lo Studio della Streptochinasi nell'Infarto Miocardico (GISSI). Lancet. 1986;1(8478):397-
402.

investigators G. An international randomized trial comparing four thrombolytic strategies for
acute myocardial infarction. N Engl J Med. 1993;329(10):673-82.

Hennekens CH, Albert CM, Godfried SL, Gaziano JM, Buring JE. Adjunctive drug therapy of acute
myocardial infarction--evidence from clinical trials. N Engl J Med. 1996;335(22):1660-7.
Randomised trial of intravenous atenolol among 16 027 cases of suspected acute myocar-
dial infarction: ISIS-1. First International Study of Infarct Survival Collaborative Group. Lancet.
1986;2(8498):57-66.

GISSI-3: effects of lisinopril and transdermal glyceryl trinitrate singly and together on 6-week
mortality and ventricular function after acute myocardial infarction. Gruppo Italiano per lo Studio
della Sopravvivenza nell'infarto Miocardico. Lancet. 1994;343(8906):1115-22.

Oral captopril versus placebo among 13,634 patients with suspected acute myocardial infarction:
interim report from the Chinese Cardiac Study (CCS-1). Lancet. 1995;345(8951):686-7.

ISIS-4: a randomised factorial trial assessing early oral captopril, oral mononitrate, and intrave-
nous magnesium sulphate in 58,050 patients with suspected acute myocardial infarction. ISIS-4
(Fourth International Study of Infarct Survival) Collaborative Group. Lancet. 1995;345(8951):669-
85.

Steyerberg EW, Bossuyt PM, Lee KL. Clinical trials in acute myocardial infarction: should we adjust
for baseline characteristics? Am Heart J. 2000;139(5):745-51.

Dieleman J, Romio S, Johansen K, Weibel D, Bonhoeffer J, Sturkenboom M, et al. Guillain-Barre
syndrome and adjuvanted pandemic influenza A (H1N1) 2009 vaccine: multinational case-control
study in Europe. BMJ. 2011;343:d3908.

van der Meche FG, Schmitz PI. A randomized trial comparing intravenous immune globulin and
plasma exchange in Guillain-Barre syndrome. Dutch Guillain-Barre Study Group. N Engl J Med.
1992;326(17):1123-9.

van Koningsveld R, Schmitz Pl, Meche FG, Visser LH, Meulstee J, van Doorn PA, et al. Effect of
methylprednisolone when added to standard treatment with intravenous immunoglobulin for
Guillain-Barre syndrome: randomised trial. Lancet. 2004,;363(9404):192-6.

Marmarou A, Lu J, Butcher I, McHugh GS, Mushkudiani NA, Murray GD, et al. IMPACT database of
traumatic brain injury: design and description. J Neurotrauma. 2007;24(2):239-50.

Edwards P, Farrell B, Lomas G, Mashru R, Ritchie N, Roberts |, et al. The MRC CRASH Trial: study
design, baseline data, and outcome in 1000 randomised patients in the pilot phase. Emerg Med
J.2002;19(6):510-4.

Lecky F, Woodford M, Yates DW. Trends in trauma care in England and Wales 1989-97. UK Trauma
Audit and Research Network. Lancet. 2000;355(9217):1771-5.

Shepherd J, Blauw GJ, Murphy MB, Bollen EL, Buckley BM, Cobbe SM, et al. Pravastatin in
elderly individuals at risk of vascular disease (PROSPER): a randomised controlled trial. Lancet.
2002;360(9346):1623-30.

Birks JS, Harvey RJ. Donepezil for dementia due to Alzheimer’s disease. Cochrane Database of
Systematic Reviews 2018, Issue 6. Art. No.: CD001190.

McGuinness B, Craig D, Bullock R, Malouf R, Passmore P. Statins for the treatment of dementia.
Cochrane Database of Systematic Reviews 2014, Issue 7. Art. No.: CD007514.

Erasmus University Rotterdam 24\/»9\9

15



