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Enkele andere overwegingen 

Hoe zal ik dit uitleggen, dit waarom
wat wij vinden niet is
wat wij zoeken?

Laten we de tijd laten gaan
waarheen hij wil,

en zie dan hoe weiden hun vee vinden,
wouden hun wild, luchten hun vogels,
uitzichten onze ogen

en ach, hoe eenvoud zijn raadsel vindt.

Zo andersom is alles, misschien.
Ik zal dit uitleggen.

Rutger Kopland (1934 – 2012)

Uit: Tot het ons loslaat (1997)

Voor mijn liefste Hilde, Ward en Leonore
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General introduction
Despite advances in the diagnosis and treatment of human malignancy [1-5], cancer 
remains among the leading causes of morbidity and mortality worldwide, with 19.3 million 
new cancer cases and 10.0 million deaths attributed to cancer in 2020 [6, 7]. Based on 
population growth and aging, the global cancer burden is expected to grow to 29.5 million 
cases annually in 2040 [8]. In the Netherlands, the number of new cancer cases has more 
than doubled in the last 30 years, from 55,732 in 1989 to 115,047 in 2020 [9]. Each year, 
around 38,000 patients are diagnosed with metastatic cancer in the Netherlands [9]. 
Advanced or metastatic cancer is generally considered incurable.  

Most patients with cancer experience symptoms throughout the disease trajectory, the 
prevalence and severity of which vary according to cancer type, stage, disease-directed 
treatment(s), and comorbidities [10-13]. Optimal symptom management is associated with 
improved patient and family quality of life (QoL) [13-15], greater treatment compliance 
[16, 17], and improved survival [17-20]. Palliative care is an approach that improves the 
QoL of patients and their families facing the problems associated with life-threatening 
illness, through the prevention and relief of suffering by means of early identification, 
assessment and treatment of distressing symptoms, physical, psychosocial and spiritual 
[21]. After cancer diagnosis, palliative care, which is also refered to as supportive care 
[22], is provided along with anticancer treatment to prevent or treat cancer symptoms 
and the adverse effects of cancer-directed treatment. At the end of active treatment, 
palliative care focuses on reviewing the patient’s goals of care, adjusting care strategies 
to reflect any changes in those goals, and cancer symptom management to enhance the 
quality of living and dying in the last phase of life in terminally ill patients.  
Palliative care / supportive care must be evidence-based; research is essential to generate 
scientific evidence to improve symptom control and QoL in cancer patients. [23, 24]. The 
observed quantity and quality of studies conducted to address the issues of patients with
advanced cancer in palliative care suggest that greater efforts are needed so that effective, 
evidence-based interventions can be proposed to cancer patients at each stage of their 
illness [25]. 

Aims of this thesis  
The overall aim of this thesis is to improve the prevention and management of symptoms 
and treatment-related adverse effects that often occur in patients with advanced or meta-
static cancer. In specific, we focus on: 

	 Cisplatin-induced acute kidney injury
	 Chemotherapy-induced nausea and vomiting
	 Delirium 
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1

Outline of this thesis

Part One: Cisplatin-induced acute kidney injury
Cisplatin, or cis-diamminedichloroplatinum II [CDDP], is a potent and valuable chemo-
therapy agent used to treat a broad spectrum of malignancies. Cisplatin exerts anticancer 
activity through multiple mechanisms, but its most prominent (and best understood) 
mode of action involves the generation of DNA lesions through interaction with purine 
bases on DNA, followed by activation of several signal transduction pathways that ulti-
mately lead to apoptosis in cancer cells [26]. Side effects, such as nausea and vomiting, 
myelosuppression, neurotoxicity and ototoxicity, often limit the use and effectiveness of 
cisplatin [27]. The major dose-limiting side effect of cisplatin, however, is nephrotoxicity 
[28, 29]. The most common and severe presentation of cisplatin-induced nephrotoxicity 
is acute kidney injury (AKI) [30, 31].   

Multiple mechanisms contribute to cisplatin-induced kidney damage [32, 33]. Cisplatin 
accumulates in the proximal tubular cells during glomerular filtration and tubular secretion, 
and a cascade of intracellular injury pathways occurs (Figure 1). These pathways include 
caspase activation, cyclin-dependent kinases, mitogen-activated protein kinase activation, 
and p53 signaling. Along with additional inflammation, oxidative stress, and vascular injury, 
this results in apoptosis and necrosis of the renal tubules, ultimately leading to AKI and/
or tubulopathy.

Figure 1. Cisplatin enters proximal tubular cells through organic cation transporters (OCTs), and 
when it accumulates within cells, it causes cell injury through multiple mechanisms. Apoptosis and 
necrosis of tubular cells result and cause clinical AKI and tubulopathy.

Abbreviations: CDKs, cyclin-dependent kinases; Cis, cisplatin; MAPK, mitogen-activated protein kinase; MRP, multidrug-resisitant 
protein; NaDC, sodium dicarboxylate; OAT, organic anion transporter; P53, protein 53; Pgp, P glycoprotein; ROS, reactive oxygen 
species. From Clin J Am Soc Nephrol 2012;7:1713-21. Perazella MA. Onco-nephrology: renal toxicities of chemotherapeutic 
agents. Reprinted with permission. 
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Several classification systems have been developed to streamline research and clinical 
practice with respect to AKI [34-36]. The 2011 Kidney Disease: Improving Global Outcomes 
(KDIGO) definition and staging criteria of AKI [36] are based on the Risk, Injury, Failure; 
Loss, End-stage renal disease (RIFLE) [34] and Acute Kidney Injury Network (AKIN) [35] 
classifications for AKI. According to KDIGO, AKI is diagnosed by an absolute increase in 
serum creatinine (SCr) at least 0.3 mg/dl (≥26.5 μmol/l ) within 48 hours (hr) or by a 50% 
increase in SCr from baseline within 7 days, or a urine volume of less than 0.5 ml/kg/h 
for at least 6 hr (Table 1). A patient’s progress can be staged over the entire time frame 
encompassed by an episode of AKI. An increase in SCr up to 3 times from baseline, or 
a SCr of more than 4.0 mg/dL (354 μmol/L), or initiation of renal replacement therapy 
(RRT), are all classified as stage 3. 

Table 1. Staging of AKI according to the Kidney Disease Improving Global Outcomes (KDIGO) 
definition and classification. 

Stage Serum Creatinine Urine output

1 1.5–1.9 times baseline 

OR 

≥0.3 mg/dl (≥26.5 μmol/l) increase

<0.5 ml/kg/h for 6-12 hr

2 2.0–2.9 times baseline <0.5 ml/kg/h for ≥12 hr

3 3.0 times baseline 
OR 
Increase in SCr to ≥4.0 mg/dl (≥353.6 μmol/l) 
OR 
Initiation of RRT
OR
In patients <18 years, decrease in GFR to <35 ml/min per 
1.73 m2

<0.3 ml/kg/h for ≥24 hr 

OR 

Anuria for ≥12 hr

Abbreviations: GFR, glomerular filtration rate; Hr, hours; RRT, renal replacement therapy; SCr, serum creatinine. 

In squamous cell carcinomas of the head and neck (SCCHN), the prevailing clinical presen-
tation is a locoregionally advanced (LA) disease stage, for which patients are usually offered 
a multimodality approach involving chemoradiotherapy (CRT) [37, 38]. Based on four large 
randomized trials [39-42], conventionally fractionated external beam radiotherapy with 
concurrent administration of three cycles of high-dose cisplatin (100 mg/m2) given once 
every 3 weeks represents the current standard in definitive and adjuvant treatment of LA-
SCCHN, as it results in significantly better locoregional control and/or overall survival relative 
to radiotherapy alone. Nevertheless, concerns exist about its toxicity and compliance, and 
AKI is considered a dose-limiting toxicity of cisplatin in this patient group [43].  

Chapter 2 describes the results of a retrospective cohort study to establish the incidence 
and risk factors of AKI among patients diagnosed with LA-SCCHN who were treated with 
high-dose cisplatin-based CRT. In this chapter, we also investigate the impact of cisplatin-
induced AKI on long-term renal function and treatment outcomes in this patient cohort. 
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1

Part Two: Chemotherapy-induced nausea and vomiting
Nausea and vomiting are serious side effects of cancer chemotherapy that can cause 
significant negative impacts on patients’ QoL and on their ability to tolerate and comply with 
therapy [44-46]. Despite the substantial progress in CINV prophylactic strategies, as many 
as 40% of patients with cancer still experience nausea, vomiting, or both following receipt 
of chemotherapy [47]. CINV is caused by neurotransmitters and chemical substances 
stimulating the receptors in either the vomiting center or chemoreceptor trigger zone 
(Figure 2). Such substances include dopamine, serotonin, histamine, acetylcholine, and 
substance P [48-50]. Antiemetic agents are designed to target one of these relevant 
receptors. Phenothiazine and metoclopramide, agents widely in use from the 1980s, inhibit 
the action of dopamine [51]. 

Figure 2. Pathophysiology of chemotherapy-induced nausea and vomiting. 

From N Engl J Med, Volume No. 374, Page No. 1357. Navari RM, Aapro M, Antiemetic prophylaxis for chemotherapy-induced 
nausea and vomiting, Reprinted with permission.  
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The development of first-generation serotonergic receptor antagonists (5-HT3 RA) in the 
1990s effectively suppressed acute CINV (0-24 hr after chemotherapy) [52], particularly 
when used in tandem with dexamethasone [53, 54]. This combination has been regarded as 
the standard prophylaxis ever since; however, delayed CINV (24-120 hr after chemotherapy 
still remains difficult to control [46, 55]. Newer antiemetic agents, that is, neurokinin-1 
receptor antagonist (NK1 RA) [56, 57] and the second-generation 5-HT3 RA palonosetron 
[58, 59], were both introduced in the 2000s and have been proven to be equally effective 
for both acute and delayed CINV.    
Drug and guideline development have focused on the degree of emetogenicity of a 
chemotherapy regimen: highly emetogenic chemotherapy drugs (CINV in at least 90% 
of patients after chemotherapy); moderately emetogenic (MEC) drugs (30-90%); low 
emetogenic (10-30%); and minimal emetogenicity (<10%) [60]. Most research has focused 
on preventing episodes of vomiting. Less is known about reducing nausea independent 
of vomiting [61], and many of the antiemetic agents currently available do little to relieve 
chemotherapy-induced nausea [62].

Practice guidelines from the Multinational Association of Supportive Care in Cancer 
(MASCC)/European Society of Medical Oncology (MASCC/ESMO) [63] and the American 
Society of Clinical Oncology (ASCO) [64] are available to help determine optimal 
prophylaxis and treatment of CINV. Table 2 summarizes specific recommendations from 
these guidelines for MEC regimens. 

For patients receiving MEC (e.g. doxorubicin, irinotecan, oxaliplatin and cyclophosphamide, 
the MASCC/ESMO and ASCO guidelines recommend a 2-drug combination of a 5-HT3 RA 
with dexamethasone for the prophylaxis of acute CINV. They have recommended dexa-
methasone on days 2 and 3 following chemotherapy for MEC agents that are known to 
cause delayed CINV, such as cyclophosphamide, doxorubicin, and oxaliplatin. 

Dexamethasone-sparing or dose-modification approaches may be applicable when a 
patient’s exposure to corticosteroids must be limited. Recent studies involving 5-HT3 and/
or NK1 RA combinations support the use of dexamethasone-sparing approaches (i.e. 
dexamethasone coadministration on day 1 only) [65-70]. However, several questions 
remain unanswered regarding the exact therapeutic impact of the dexamethasone-sparing 
strategy on the management of CINV. Specifically, how effective is this strategy compared 
with a multiple-day dexamethasone regimen against delayed CINV. It is also not sufficiently 
clear whether the effect is different when control of nausea is assessed, and what evidence 
exists for the efficacy of a dexamethasone-sparing strategy in combination with other 
active agents.  
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Table 2. CINV prophylaxis recommendations for MEC regimens. 

MEC regimen type

Recommendations

ASCO (2017) MASCC/ESMO (2016)

Carboplatin AUC ≥4 
(mg/mL)/min
Acute

 Delayed

Carboplatin AUC <4 
(mg/mL)/min or 
non-carboplati
Acute

 Delayed

5-HT3 RA + NK1 RA + DEX

AQE: high
ASR: strong

No prophylaxis

QE: high
ASR: strong

5-HT3 RA + DEX

AQE: high
ASR: strong

No prophylaxis; DEX for 
agents known to cause 
delayed CINV

AQE: low
ASR: moderate

5-HT3 RA + NK1 RA + DEX

MLCO: moderate; MLCS: moderate
ELE: II; EGR: B

No prophylaxis; APR if APR used in acute

MLCO: moderate; MLCS: moderate
ELE: III; EGR: B

5-HT3 RA + DEX

MLCO: moderate; MLCS: moderate
ELE: II; EGR: B

No prophylaxis (a); DEX (b) for agents 
known to cause delayed CINV

(a) MLCO: no confidence possible; MLCS: 
high
ELE: IV; EGR: D
(b) MLCO: low; MLCS: moderate
ELE III; EGR: C

Abbreviations: APR, aprepitant; AQE, ASCO quality of evidence; ASCO, American Society of Clinical Oncology; ASR, ASCO 
strenght of recommendation; AUC, area under the curve; DEX, dexamethasone; ELE ESMO level of evidence; EGR, ESMO grade 
of recommendation; MASCC/ESMO, Multinational Association of Supportive Care in Cancer/European Society of Medical 
Oncology; MEC, moderately emetogenic chemotherapy; MLCO, MASCC level of confidence; MLCS, MASCC level of consensus; 
NK1 RA, neurokinin-1 receptor antagonist; 5-HT3 RA, serotonergic receptor antagonist. 
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Chapter 3 describes the results of a systematic review of randomized controlled trials 
(RCT’s) with antiemetics for the prevention of delayed CINV in cancer patients treated 
with MEC.

In Chapter 4, a multicenter, randomized, phase III, non-inferiority study to assess the 
efficacy and tolerability of dexamethasone-sparing strategies for the prevention of delayed 
CINV, and specifically nausea, after MEC is described. 

        

Part Three: Delirium
Delirium is a severe neuropsychiatric syndrome characterized by the acute onset of deficits 
in attention and other aspects of cognition. Patients often have altered arousal, from 
reduced responsiveness at a near-coma level to hypervigilance and severe agitation. They 
may also experience highly distressing symptoms of psychosis, including delusions and 
hallucinations, and altered mood. Diagnostic and Statistical Manual of Mental Disorders, 
5th edition (DSM-5) diagnostic criteria for delirium [71] are as follows: disturbance of 
consciousness (ie, reduced clarity of awareness of the environment) occurs, with reduced 
ability to focus, sustain, or shift attention. The features of delirium tend to fluctuate in 
presence and severity. Delirium is associated with considerable distress in patients and 
caregivers [72, 73].  

The incidence of delirium in advanced cancer patients has been reported as varying 
greatly [74, 75]. During hospitalization, 16.5% [76] to 18% [77] of patients with cancer 
or a haematological malignancy admitted to oncology or internal medicine units devel-
oped delirium. Up to 88% of patients develop delirium in the last hours to weeks of life 
[78]. This variation depends on the study population, the delirium definition and meth-
od of assessment used and staff training, as well as delirium subtype (hyperactive, hy-
poactive, or mixed) and methods used for subtype classification.   
The risk of delirium is determined by predisposing risk factors (i.e. the background charac-
teristics of patients) and precipitating risk factors (i.e. acute insults, injury or drugs) (Figure 
3). Typically, more than one precipitating factor is present in patients [79, 80]. Studies in 
oncology settings have not documented specific socio-demographic and disease-related 
predictive factors for delirium. As a consequence, the number of patients with delirium 
in these studies has often been insufficient to precisely determine associated risk fac-
tors.  

An accurate and timely prediction model for delirium would facilitate early implementation 
of prevention measures based on individual risk profiles. However, existing delirium 
prediction models use different methods of delirium identification and different risk 
factors for model calibration, and do not have adequate predictive capabilities [81-82]. 

In chapter 5, we evaluate the incidence of delirium and its risk factors in hospitalized 
patients with advanced cancer in a retrospective cohort study. In this chapter, a prediction 
algorithm that we have developed to help identify patients at high risk of delirium is 
described. 
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In clinical settings, physicians and nurse specialists continue to underdiagnose delirium [83]. 
Assessment tools for clinicians without psychiatric training to identify and recognize delirium.
are helpful. Although there are a plethora of validated delirium screening tools, it is unclear 
which tool best suits particular populations [84].
The ideal screening tool should have a high level of sensitivity, be brief and easy to use 
with minimal training [85]. The nurse-based Delirium Observation Screening (DOS) Scale 
is a brief screening tool based on observation [86]. The DOS has been validated in several 
patient populations, but no published studies focused on an inpatient population with 
advanced cancer. 

In chapter 6 we compare the accuracy of the DOS as a screening tool for delirium in 
patients with advanced cancer with the clinician-based Delirium Rating Scale-revised-98 
(DRS-R98) tool [87] in a prospective study. 
Delirium treatment in patients with advanced cancer is complex, as it involves addressing 
multiple domains [88]. Although it is now recognised that there are multiple factors 
implicated in the aetiology of delirium [89, 90], there are likely several neurobiological 
processes that contribute to delirium pathogenesis, including neuroinflammation, brain 
vascular dysfunction, altered brain metabolism, neurotransmitter imbalance and impaired 
neuronal network connectivity (Figure 4). 

The cerebral imbalance resulting in a relative excess of dopaminergic and deficiency 
of cholinergic transmission has been one of the main proposed mechanisms in the 
neuropathogenesis of delirium [91]. It has also provided a target mechanism or basis for 
much of the strategic approach in the pharmacological management of delirium with 
antipsychotics used historically in delirium treatment [92]. Typical antipsychotic drugs 
(e.g. haloperidol) act on the dopaminergic system, blocking the dopamine type 2 (D2) 
receptors [93]. Owing to this D2 blockade, they also induce a number of side effects, 
among which extrapyramidal symptoms are the most prominent. Atypical antipsychotics 
(e.g. olanzapine) have lower affinity and occupancy for the dopaminergic receptors and 
a high degree of occupancy of the serotoninergic receptors 5-HT2A [94]. Compared to 
typical antipsychotics, atypicals are supposed to induce fewer extrapyramidal side effects. 
[95].  

In Chapter 7, the results of a multicenter, randomized, phase III study to compare the 
efficacy and tolerability of olanzapine with haloperidol for the treatment of delirium in a 
population of hospitalized patients with advanced cancer are described.

Summarizing discussion and future perspectives
In chapter 8 the main findings in this thesis are summarized and discussed. Finally, 
recommendations for future research are presented. 
A Dutch summary of this thesis is given in the Appendices, that also hold a list of publica-
tions, acknowledgements, and a curriculum vitae of the PhD candidate. 
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Part One 
Cisplatin-induced acute  
kidney injury
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Abstract
Background: Three-weekly high-dose cisplatin (100 mg/m2) is considered the 
standard systemic regimen given concurrently with postoperative or definitive 
radiotherapy in locally advanced squamous cell carcinoma of the head and 
neck (LA-SCCHN). Concurrent chemoradiation (CRT) with high-dose cisplatin 
is associated with significant acute and late toxicities, including acute kidney 
injury (AKI). The aims of this study were to investigate the incidence of AKI in 
patients with LA-SCCHN during and after treatment with high-dose cisplatin-
based CRT, to identify risk factors for cisplatin-induced AKI, and to describe the 
impact of AKI on long-term renal function and treatment outcomes. 

Methods: This is a retrospective cohort study with measurements of renal 
function before CRT, weekly during CRT, every one or two days during hospi-
talizations, and three and twelve months after CRT in patients with LA-SCCHN. 
AKI was defined as increase in serum creatinine (sCr) of ≥1.5 times baseline 
or by ≥0.3 mg/dL (≥26.5 µmol/L) using the Kidney Disease Improving Global 
Outcomes (KDIGO) classification. Logistic regression models were estimated to 
analyze renal function over time and to identify predictors for AKI. 

Results: One hundred twenty-four patients completed all measurements. AKI 
was reported in 85 patients (69%) with 112 episodes of AKI. Sixty of 85 patients 
experienced one AKI episode; 20 patients experienced ≥ 2 AKI episodes. Ninety-
three (83%) AKI episodes were stage 1, 13 (12%) were stage 2, and 6 (5%) AKI 
episodes were stage 3. Median follow-up time was 29 months (Interquartile 
Range, IQR 22-33). Hypertension (Odds Ratio, OR 2.7, 95% Confidence Interval, 
CI 1.1-6.6; p= 0.03), and chemotherapy-induced nausea and vomiting (CINV; 
OR 4.3, 95% CI 1.6-11.3; p= 0.003) were associated with AKI. In patients with 
AKI, renal function was significantly more impaired at three and twelve months 
post-treatment compared to patients without AKI. AKI did not have a negative 
impact on treatment outcomes.

Conclusion: AKI occurred in 69% of patients with LA-SCCHN undergoing CRT 
with high-dose cisplatin. Long-term renal function was significantly more im-
paired in patients with AKI. Hypertension and CINV are significant risk factors. 
Optimizing prevention strategies for CINV are urgently needed. 

Key words: locally advanced squamous cell carcinoma of the head and neck, 
high-dose cisplatin, chemoradiation, acute kidney injury, risk factors
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Background
Three-weekly high-dose cisplatin (100 mg/m2) is considered the standard systemic regi-
men given concurrently with postoperative or definitive radiotherapy in locally advanced 
squamous cell carcinoma of the head and neck (LA-SCCHN) [1-3]. The additional absolute 
benefit in overall survival of adding cisplatin chemotherapy has been best estimated as 
6.5% at five years when compared with radiotherapy alone [4]. However, concurrent high-
dose cisplatin is associated with significant acute and late toxicities [5,6]. Acute kidney 
injury (AKI) is a common and serious side effect of high-dose cisplatin-based concurrent 
chemoradiation (CRT). AKI is a predictor of immediate and long-term adverse outcomes. 
Even a minor acute reduction in kidney function has an adverse prognosis [7].  

The incidence of cisplatin-induced AKI has been reported before [5, 8-10]. However, de-
velopment of AKI during high-dose cisplatin-based CRT is underreported, using the Kidney 
Disease Improving Global Outcomes (KDIGO) criteria [11], which are the most recent and 
preferred criteria for diagnosis and staging of AKI. Also, little is known about the impact 
of AKI on long-term renal function and treatment outcomes in patients with LA-SCCHN. 
Early detection of AKI enables early intervention, which might lessen treatment burden 
and improves efficacy and cost-effectiveness of care [12]. Therefore, it is clinically relevant 
to identify potentially modifiable risk factors for cisplatin-induced AKI in this patient group. 

The purpose of this study is to answer the following questions: (1) what is the incidence of 
AKI during treatment with high-dose cisplatin-based CRT for LA-SCCHN, according to KDIGO 
criteria, (2) which predictors for development of cisplatin-induced AKI can be identified, 
and (3) what are the long-term consequences of cisplatin-induced AKI in this patient group? 

Methods
Study design         
From January 2017 to July 2017, patient data were collected retrospectively by two 
investigators (M.V. and E.N.) from electronic medical records (EMRs) between January 
2011 (introduction of EMRs in our center) and January 2014. 

Patient population
Patients, both female and male, 18 years or older, with histologically proven, resectable 
high-risk or not-resectable LA-SCCHN, who were treated with three-weekly high-dose 
(100 mg/m2) cisplatin-based CRT from January 2011 to January 2014 at the Amsterdam 
University Medical Center, VU University, were included in this study. Exclusion criteria 
were a history of AKI or a creatinine clearance of ≤60 mL/min/1.73 m2 (estimated by the 
Cockcroft-Gault equation) before start of CRT. Other exclusion criteria were diagnosis of 
nasopharyngeal carcinoma, previous treatment with radiotherapy and/or chemotherapy, 
and treatment with biologicals. This retrospective study was not subject to the Dutch 
Medical Research Involving Human Subjects (WMO) act as was determined by the Medical 
Ethics Committee of the Amsterdam UMC, Vrije Universiteit Amsterdam. 
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Chemotherapy
Cisplatin (100 mg/m2 ) was administered intravenously on day 1 of a three-weekly cycle 
for a total of three courses, with pre-hydration containing 2000 mg magnesium sulfate 
and 20 milliequivalents per Liter (mEq/L) of potassium chloride in 1000 mL of 0.9% normal 
saline over a 2-hours period, and post-hydration containing 2000 mg magnesium sulfate 
and 20 mEq/L of potassium chloride in 4000 mL of 0.9% normal saline over a 20-hours 
period. 

Prophylactic antiemetic therapy to prevent chemotherapy-induced nausea and vomiting 
(CINV) was prescribed according to international guidelines [13,14], containing a three-
drug regimen, which included dexamethasone, the serotonin receptor antagonist (5-
HT3 RA) ondansetron, and the neurokinin-1 receptor antagonist (NK1 RA) aprepitant 
intravenously before administration of cisplatin (day 1), followed by aprepitant on days 2 
and 3, and dexamethasone on days 2 to 4 taken orally. The use of rescue antiemetics was 
allowed and reported in the EMR.

Measurements
Demographic and tumor characteristics, tumor and nodal stage (seventh edition of the 
American Joint Committee on Cancer (AJCC) TNM classification of malignant tumors), 
medical history, weight and height, age-adjusted Charlson Comorbidity Index (CCI) [15], 
and Eastern Cooperative Oncology Group (ECOG) performance status score were derived 
from the EMRs of the included patients. Information on the use of potentially nephrotoxic 
co-medications was obtained by medical prescription history from the week before start 
of treatment until the last day of chemoradiation. The drugs documented included all 
categories of diuretics, angiotensin-converting-enzyme inhibitors, angiotensin II receptor 
blockers, non-steroidal anti-inflammatory drugs (NSAIDs), proton-pump inhibitors, lithium, 
haloperidol, and intravenous contrast media. Data on early termination of cisplatin or 
dose reductions, radiotherapy delay or truncations, occurrence of CINV, the use of rescue 
antiemetics, and the number and length of emergency hospitalizations were also obtained, 
including the reason for treatment modifications and emergency admissions.  
Serum creatinine (sCr) values were derived from the clinical laboratory database at baseline 
(day before start CRT), weekly during CRT, at least every other day during (emergency) 
hospitalizations, and three and twelve months after completion of CRT. The criteria for 
AKI based on the KDIGO criteria were applied [11]. AKI (stage 1) was defined by sCr rise of 
greater than or equal to 26.5 µmol/l within 48 hours, or sCr increase greater than or equal 
to 1.5-fold from the baseline reference value. Stage 2 AKI was defined as a greater than 
or equal to 2.0- to 2.9 fold increase from baseline reference sCr. Stage 3 AKI was defined 
as a greater than or equal to threefold increase from baseline reference sCr, or increase 
of 354 µmol/l, or commenced on renal-replacement therapy irrespective of stage of AKI. 
The reference sCr is defined as the lowest creatinine value recorded within 3 months of 
the event, or from repeat sCr within 24 hours, or estimated from the nadir sCr value if a 
patient recovers from AKI. The urine output criterion was not used in this study. Disease 
free survival (DFS) and disease-specific mortality (DSM) were assessed from the last day 
of radiotherapy until disease recurrence or death, respectively. 
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Statistics
Descriptive analyses were used to describe patient and treatment characteristics and the 
incidence of AKI. To indicate predictors for cisplatin-induced AKI, univariate analysis was 
used to analyze the association between AKI and age (<60 years vs, ≥60 years), sex, ECOG 
performance status score before start of treatment (<2 vs. ≥2), presence of hypertension 
(defined as systolic pressure >140 millimeters of mercury (mmHg) or diastolic pressure 
>90 mmHg) before start of treatment (yes vs. no), presence of diabetes mellitus (yes vs. 
no), presence of cognitive impairment (yes vs. no), number of nephrotoxic co-medications 
taken in the week before start of CRT (<2 vs. ≥2), number of pack-years (<10 years or 
≥10 years), excessive alcohol consumption (<14 units per week or ≥14 units per week), 
primary LA-SCCHN tumor site (oropharyngeal vs. non-oropharyngeal), and occurrence of 
clinically relevant CINV (defined as administration of rescue antiemetics and/or hospital 
admission to provide targeted care for CINV) during treatment. Variables in the univariate 
logistic regression analysis with an association p< 0.20 were included as independent 
variables into the multivariate logistic regression model. In the multivariate analysis 
model, p values <0.05 were considered statistically significant.     
The paired samples t test was used to compare mean sCr values at baseline, and at three 
and twelve months post-treatment, in both patients with AKI during treatment, and those 
without (non-AKI patients). The independent samples t test was used to compare the 
means of sCr values between AKI and non-AKI patients at baseline, and at three and twelve 
months post-treatment. Kaplan-Meier and log-rank methods were used to compare the 
curves of DFS and DSM between AKI and non-AKI patients. Analyses were performed with 
IBM SPSS statistics version 22 (Chicago, IL, United States).

Results
A total of 124 patients were included in this study. The median age was 60 years (range, 
30 to 74 years), 78% of patients were male, and 94% had ECOG performance status 0 to 
1 (Table 1). Twenty percent of patients had hypertension, age-adjusted CCI score was 0 
to 1 in 74% of patients. Most patients (74%) had a smoking history of ≥10 pack-years, and 
20% indicated excessive use of alcohol. Median number of potentially nephrotoxic co-
medications was 2 (range, 0 to 3). 
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Table 1. Baseline patient and tumor characteristics. Data given as No. (%), unless otherwise noted.

Characteristic Total
(N= 124)

AKI
(n= 85)

Non-AKI
(n= 39)

Median age, (range), years 60 (30-74) 60 (30-71) 59 (41-74)

Male 97 (78) 67 (79) 30 (77)

ECOG performance status

  0 41 (33) 26 (31) 15 (38)

  1
  2
  Not specified 

76 (61)
6 (5)
1 (1)

55 (65)
3 (4)
1 (1)

21 (54)
3 (8)

Hypertension 25 (20) 20 (24) 5 (13)

Diabetes mellitus 9 (7) 7 (8) 2 (5)

Cognitive impairment 8 (6) 4 (5) 4 (10)

CCI
   0-1
  2-3

92 (74)
32 (26)

61 (72)
24 (28)

31 (79)
8 (21)

Smoking 
  ≥10 pack-years 92 (74) 65 (76) 27 (69)

Alcohol 
  ≥14 Units/week 46 (37) 35 (41) 11 (28)

Number of nephrotoxic co-
medications, median (range) 2 (0-3) 2 (0-3) 2 (1-3)

Mean sCr (SD), µmol/l 66 (12) 66 (12) 65 (12)

Primary site

  Oral cavity / oropharynx 88 (71) 58 (68) 30 (77)

  Hypopharynx
  Larynx
  Other

15 (12)
17 (14)

4 (3)

12 (14)
12 (14)

3 (4)

3 (8)
5 (13)
1 (3)

Tumor stage

  T1-2 46 (37) 29 (34) 17 (44)

  T3-4 69 (56) 51 (60) 18 (46)

  Unknown 6 (5) 5 (6) 1 (3)

Nodal stage 
  N0
  N+
  Unknown

15 (12)
106 (85)

3 (2)

12 (14)
71 (84)

2 (2)

3 (8)
35 (90)

1 (3)

Abbreviations: CCI, Age-adjusted Charlson Comorbidity Index; ECOG, Eastern Cooperative Oncology Group Performance Status 
Score (WHO); sCr, serum Creatinine (μmol/L); SD, Standard Deviation 
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Primary LA-SCCHN tumor site was the oral cavity or oropharynx in 71% of patients, and 
the hypopharynx in 12%. Fifty-six percent of patients had T3 or T4 LA-SCCHN, and 85% 
had node-positive disease. Mean sCr value was 66 µmol/l (Standard Deviation, SD 12). 
Eighty-five patients (69%) were re-admitted at least once for AKI during CRT.

AKI was reported in 85 patients (69%) with 112 episodes of AKI. Sixty of 85 patients (71%) 
experienced one AKI episode; 20 patients (29%) experienced ≥ 2 AKI episodes. Ninety-
three (83%) AKI episodes were stage 1, 13 (12%) were stage 2, and 6 (5%) AKI episodes 
were stage 3. Eighty-six patients (69%) received all three preplanned courses of cisplatin 
(cumulative dose 300 mg/m2) without dose adjustment (Fig 1). 

Figure 1. Patient disposition 

Thirty-eight patients (31%) prematurely discontinued cisplatin treatment; seven patients 
after the first cycle, and 31 patients after two cycles of cisplatin. Reasons for discontinuation 
was AKI in 28 patients (74%) and infection/sepsis in 4 patients (11%). Median cumulative 
dose of cisplatin was 259 mg/m2 (86% of preplanned dose) in the AKI group and 269 mg/
m2 (90% of preplanned dose) in the non-AKI group (p= 0.36). All patients but two (sepsis, 
n= 1; patient refusal, n= 1) received the preplanned, scheduled radiotherapy dose.
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Predictors for cisplatin-induced AKI
Hypertension, ≥2 nephrotoxic co-medications, excessive alcohol consumption, and CINV 
were variables in the univariate analysis with an association p< 0.20 with cisplatin-induced 
AKI (Table 2). 

Table 2. Univariate and multivariate logistic regression for AKI (KDIGO). 

Variables OR
(95% CI)

Univariate
p-value

OR
(95% CI)

Multivariate
p-value

Age, ≥60 years 1.1 (0.5-2.3) 0.85

Male gender 0.9 (0.4-2.2) 0.81

ECOG performance status, 
≥2

0.4 (0.1-2.3) 0.34

Hypertension, yes 2.1 (0.7-6.1) 0.17 2.7 (1.1-6.6) 0.03

Diabetes, yes 1.7 (0.3-8.4) 0.54

Cognitive impairment, yes 0.4 (0.1-1.8) 0.25

CCI, ≥ 2 1.5 (0.5-4.1) 0.45

Number of nephrotoxic 
co-medications, ≥ 2

2.1 (0.8-5.4) 0.12 1.9 (0.7-5.2) 0.20

Smoking, ≥10 pack-years 1.4 (0.6-3.4) 0.39

Alcohol, ≥14 U/week 1.8 (0.8-4.0) 0.17 2.3 (0.7-7.0) 0.15

Primary tumor site, not oro-
pharynx

0.6 (0.3-1.5) 0.32

CINV, yes 3.0 (1.2-7.3) 0.02 4.3 (1.6-11.3) 0.003

Abbreviations: CCI, Age-adjusted Charlson Comorbidity Index; CI, Confidence Interval; CINV, chemotherapy-induced nausea 
and vomiting; ECOG, Eastern Cooperative Oncology Group Performance Status Score; KDIGO, Kidney Disease Improving Global 
Outcomes definition and staging system; OR, Odds Ratio
Bold values in the univariate logistic regression model indicate p-values <0.20 as criterion for selection and entry into the 
multivariate analysis. Significant p-values in the multivariate analysis model (<0.05) are also denoted in bold. 

The multivariate logistic regression model shows that hypertension (Odds Ratio (OR) 2.7, 
95% Confidence Interval (CI) 1.1-6.6; p= 0.03), and CINV (OR 4.3, 95% CI 1.6-11.3; p= 
0.003) were significantly associated with cisplatin-induced AKI. 
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Table 3. Renal function. 

Renal function, mean sCr, µmol/l (SD)

Time point AKI   Non-AKI  p-value2

Baseline 66 (12)  65 (12)   0.78

3 months

   p-value1

103 (36)

0.001

 79 (14)

   0.01

   0.001

12 months

   p-value1

100 (35)

0.002

 80 (21)

   0.01

   0.01

Abbreviations: sCr, serum Creatinine; SD, Standard Deviation; p1, intra-group comparison of renal function to baseline sCr; p2, 
intergroup comparison of renal function

Long-term renal function and treatment outcomes
Data on sCr were available for all patients at baseline, for 108 patients (87%) at three 
months, and for 82 patients (66%) at twelve months post-treatment. There were no 
significant differences at baseline; mean sCr was 66 μmol/L (SD 12) for AKI patients, and 
65 μmol/L (SD 12) for non-AKI patients (p= 0.78). At three months (Table 3), compared 
to baseline values, renal function was impaired in AKI patients (mean sCr c103 μmol/L, 
SD 36; p= 0.001), and also in non-AKI patients (mean sCr 79 μmol/L, SD 14; p= 0.01). At 
twelve months, compared to baseline values, renal function was impaired in both AKI 
patients (mean sCr 100 μmol/L, SD 35; p= 0.002), and non-AKI patients (mean sCr 80 
μmol/L, SD 21; p= 0.01). Compared to non-AKI patients, renal function was significantly 
more impaired in AKI patients at three months (p= 0.01) and at twelve months (p= 0.01). 

Median follow-up time was 29 months (Interquartile Range, IQR 22-33) with no statis-
tically significant difference between both groups. Disease recurrence rate was 25% in AKI 
patients, and 41% in non-AKI patients (OR 0.6, 95% CI 0.3-1.4; p= 0.22) (Figure 2). DSM 
rate was 19% in AKI patients, and 26% in non-AKI patients (OR 1.8; 95% CI 0.2-14.9; p= 
0.61) (Figure 3).
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Figure 2. Disease free survival

Figure 3. Disease-specific mortality
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Discussion
The present retrospective cohort study shows that 69% of patients with LA-SCCHN 
developed AKI stage 1 or higher during treatment with high-dose cisplatin-based CRT, 
according to the KDIGO definition and staging criteria. Almost 30% of patients experienced 
2 of more AKI episodes. The majority of AKI episodes (83%) was stage 1 according to 
KDIGO criteria; only 6% was AKI stage 3. Predictive risk factors for cisplatin-induced AKI 
included hypertension and uncontrolled CINV. Long-term impairment of renal function 
was observed in both AKI and non-AKI patients. However, renal function was significantly 
worse at three and twelve months in patients with AKI during CRT. DFS and DSM were 
comparable between AKI and non-AKI patients.

Cisplatin-induced AKI has been reported to occur in 1% to 46% of patients treated with 
high-dose cisplatin, depending on the described grade of nephrotoxicity, and the used 
AKI definition and staging system [5,8,10,16]. Previous studies often used the adverse 
events criteria for chemotherapy, Common Toxicity Criteria for Adverse Events (CTCAE). 
In early versions of CTCAE (version 2.0 and 3.0), grading of renal insufficiency was based 
solely on the x-fold increase of the sCr level with respect to the Upper Limits of Normal 
(ULN). CTCAE v2.0 and 3.0 have different cutoff values for renal insufficiency than KDIGO, 
and no provision of a time course, which complicate direct comparisons of AKI incidence 
and outcome. CTCAE version 4.0 (v4.0) was the first to define AKI as sCr exceeding 26.5 
µmol/l. Cutoff values for AKI grade 1 to 3 in CTCAE v4.0 resemble those according to 
KDIGO. However, in contrast to KDIGO, there is no provision of a time course in CTCAE 
v4.0. In previous trials using CTCAE criteria, AKI grade 1 and 2 were seldomly reported; 
only AKI grade 3 (sCr >3 x baseline or 354 µmol/l; hospitalization indicated) and grade 
4 (life-threatening consequences; dialysis indicated) were reported. Consequently, the 
high incidence rate of AKI in the present study compared to previous studies is explained 
by the identification of low stage AKI by using the KDIGO system. KDIGO builds upon 
two earlier AKI classification systems: the Acute Kidney Injury Network (AKIN) and the 
Risk, Injury, Failure, Loss, End-Stage (RIFLE) criteria. Compared against AKIN and RIFLE, 
the incidence of AKI according to KDIGO is the highest due to the addition of an absolute 
increase criterion (≥0.3 mg/dl over 48 hours) to the RIFLE definition and expansion of 
the time limit for percentage increase (≥ 50%) in the AKIN definition from 48 hours to 7 
days [17]. Therefore, AKI will be more frequently diagnosed at an early stage, if KDIGO is 
applied. 

Standard approach to prevent cisplatin-induced nephrotoxicity is the administration 
of intravenous (iv) isotonic saline (≥3 L/day) to induced diuresis during cisplatin 
administration. However, the optimal hydration solution and regimen to prevent 
nephrotoxicity associated with cisplatin administration is unclear. There are no randomized 
trials that have compared different regimens and/or types of iv fluids. In this study, all 
patients received 5 L/day of iv isotonic saline according to protocol. Forced diuresis with 
mannitol is frequently used, although there is no evidence that this is required. There 
is also concern that mannitol may over-diurese some patients, resulting in dehydration 
[18]. Therefore, mannitol was not used in this study. There is insufficient evidence to 
support using furosemide for forced diuresis, unless there is evidence of fluid overload, 
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as was applied in our study. Hypomagnesemia can upregulate OCT-2, leading to increased 
cisplatin transport to the kidneys, resulting in nephrotoxicity [19]. Several systematic 
reviews suggest that magnesium supplementation (8-16 milliequivalents [mEq]) may limit 
cisplatin-induced nephrotoxicity [18,20]. In this study, 2000 mg (= 16 mEq magnesium) 
was administered to all patients according to protocol. Potassium supplementation was 
also included in the protocol. Several other approaches have been evaluated to prevent 
cisplatin-induced nephrotoxicity, including N-acetylcysteine, anti-inflammatory drugs and 
antioxidant supplements, but none have an established role in patients being treated with 
cisplatin. Amifostine is the only FDA-approved agent for the reduction of cumulative renal 
toxicity in advanced ovarian and non–small-cell lung cancer patients receiving cisplatin 
[21]. However, use of this drug is limited by side effects (nausea, vomiting, hypotension). 
In addition, concerns about possible interference with the antitumor activity of cisplatin 
limit its use to clinical trials in tumors other than advanced ovarian and non–small-cell 
lung cancer patients. 

Another strategy to prevent dehydration and cisplatin-induced nephrotoxicity, is to per-
form prophylactic percutaneous endoscopic gastrostomy (PEG) tube placement in those 
patients deemed at greatest risk of becoming malnourished or dehydrated during the 
course of treatment. The indication for prophylactic PEG placement is discussed in the 
multidisciplinary tumor board on a case-by case basis. Malnutrition, dysphagia and bilat-
eral neck irradiation are among factors considered. In this retrospective study, 90 patients 
(73%) were treated with prophylactic PEG placement. During treatment, patients were 
monitored by a nutritionist, and if indicated a nasogastric feeding tube was placed in pa-
tients without PEG, or with PEG, in the case of PEG-related complications or dysfunction. 
In this study, 20 patients (10 patients without PEG; 10 patients with PEG) were treated 
with (short-term) nasogastric feeding tube placement. Despite nastrogastric feeding tube 
placement, AKI occurred in 17 of these patients. Prophylactic PEG and feeding tube place-
ment were not associated with a lower risk of AKI.

Reported predictors of cisplatin-induced AKI included older age and hypertension [22-
24], female sex [22,25], smoking, black ethnicity [22,26], hypokalemia, hypoalbuminemia 
[23-25], concomitant use of other anticancer drugs, and single dose versus fractionated 
dose radiotherapy [27]. This retrospective study confirms the association of hypertension 
with cisplatin-induced AKI. No significant association with female sex was found, although 
both sexes were adequately represented in the study. The association of older age with 
AKI could not be confirmed, because elderly patients were underrepresented in this 
study (median age 60 years, range 30 to 74). Ethnicity could not be selected as a primary 
variable; included patients were predominantly white in this study. This also applied to 
serum albumin values, which were not measured in this study.    

This study clearly demonstrates that CINV remains poorly controlled in a significant 
number of patients receiving CRT with high-dose cisplatin for LA-SSCHN, despite the use 
of guideline-consistent antiemetic therapy. Adherence to antiemetics in order to optimize 
CINV control for patients undergoing emetogenic chemotherapy is important, because 
adequate control of emesis prevents intravascular depletion of fluids and electrolytes, 
and therefore decreases the potential for cisplatin-induced nephrotoxicity. We have no 
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data on adherence to antiemetics used in days 2 to 4, due to the retrospective design of 
this study. We were also unable to determine the severity of nausea or vomiting using 
an assessment tool in this retrospective study. Despite these limitations in the study, 
there seems to be a clear need for further improvements in the management of CINV 
to minimize its negative impact. The benefit of olanzapine in controlling nausea and 
emesis has been suggested in previous trials, which showed that nausea and emesis were 
significantly reduced when olanzapine was added to guideline-directed prophylactic 
agents [28,29]. This antiemetic regimen should be further explored in patients treated 
with CRT including high-dose cisplatin for LA-SCCHN.

Our results confirm previous observational studies’ findings that AKI is an independent 
risk factor for the development of chronic kidney disease [30,31]. Decline of renal 
function was observed in both AKI and non-AKI patients at three and twelve months post-
treatment. However, long-term decline in renal function was significantly more severe 
in AKI patients. In the current study, AKI did not have a negative impact both in terms of 
DFS and DSM. On the contrary, DSM and disease recurrence rates were numerically (but 
not statistically) higher in non-AKI patients. This could have several reasons. First, in this 
retrospective study of electronic medical records, we did not have access to survival and 
disease recurrence data of all patients, which could have led to underreporting mortality 
and disease recurrence in the present study. Second, due to the retrospective nature of 
this study, patients were not stratified by prognostic risk factors, like primary tumor site, 
tumor stage, age or comorbidity at diagnosis, which may have resulted in unbalanced 
groups. Third, the follow-up period of 29 months was relatively short. Patients with AKI 
did not have inferior survival rates compared to non-AKI patients. In addition to the 
arguments already mentioned, this could also be explained by our data, which show that 
the majority of AKI and non-AKI patients (94%) received cisplatin with a cumulative dose 
of ≥ 200 mg/m2; only in 6% of patients cisplatin was discontinued after one cycle. Median 
cumulative dose of cisplatin was >250 mg/m2 in both groups and not statistically different 
between treatment groups. This was well above the minimum dose of 200 mg/m2, which 
confers a survival benefit in LA-SCCHN patients treated with high-dose cisplatin-based 
concurrent CRT [32]. 

One of the strengths of our study was that associations between potential risk factors 
for AKI and outcome were studied in a well-characterized study population. AKI was 
also defined and graded according to KDIGO criteria, making it possible to identify low 
grade – but nevertheless clinically relevant – AKI. This study identifies a strong association 
between AKI and CINV, which is an important and potentially modifiable risk factor. 
Limitations were the single center retrospective nature of the study, and the relatively 
short follow up period of 2.5 years. Also, possible dose-response associations between 
the stage of AKI and outcome was not assessed. Finally, the effect of AKI and CINV on 
patients’ quality of life, and patients’ adherence to antiemetics could not be assessed due 
to the study’s retrospective design. 
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Conclusions
AKI is a frequent complication of high-dose cisplatin-based CRT for patients with 
LA-SCCHN, despite adherence to guideline-consistent prevention therapy. CINV 
and hypertension are potentially modifiable, and highly significant risk factors 
contributing to AKI. Studies investigating strategies to minimize AKI after high-
dose cisplatin-based CRT for patients with LA-SCCHN are warranted. 
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Abstract
Background: Delayed chemotherapy-induced nausea and vomiting (CINV) 
remains an important adverse effect of moderately emetogenic chemotherapy 
not containing anthracyclines and cyclophosphamide (non-AC MEC). In this 
review, we summarize current literature to update recommendations for 
delayed CINV prophylaxis after non-AC MEC.

Methods: We conducted a systematic search in PubMed, and conference 
proceedings from ASCO, ESMO, and MASCC. Included randomized controlled 
trials (RCTs) aimed to prospectively evaluate the efficacy of two or more 
antiemetic strategies in the prevention of delayed CINV after the administration 
of non-AC MEC. At least one of the following endpoints was used: complete 
response, complete control, no nausea, no vomiting, and/or no use of rescue 
medication. 

Results: Our search provided 247 publications. Nine met the predefined criteria. 
Included RCTs reported outcomes on palonosetron, aprepitant, casopitant, 
netupitant/palonosetron (NEPA), olanzapine, and megesterol acetate. 

Conclusions: Superiority of palonosetron over first- generation 5HT3 receptor 
antagonists for the prevention of acute and delayed CINV after non-AC MEC has 
not been proven. The addition of a Neurokinin-1 (NK1) receptor antagonist to 
first-generation 5-HT3 receptor antagonists does not significantly improve the 
incidence of delayed CINV after non-AC MEC. The efficacy of a single-day regimen 
dexamethasone with palonosetron is non-inferior to multiday dexamethasone. 
NEPA, olanzapine, and megesterol acetate show highly effective CR rates. 

Key words: antiemetics, delayed CINV, moderately emetogenic chemotherapy
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Background
Delayed CINV, defined as nausea and vomiting occurring more than 24 hours after 
completion of chemotherapy, remains an important and common adverse event 
complicating cancer treatment. Delayed CINV significantly interferes with patient’s 
quality of life and daily functioning [1,2]. Incidence and severity of CINV are affected 
by patient and treatment related factors. Characteristics associated with a higher risk 
include female sex, anxiety, and poor control with previous chemotherapy [3,4]. Delayed 
CINV is influenced by the effectiveness of control of the acute phase of CINV, as well 
as the intrinsic emetogenicity of the drug. The risk of delayed CINV has been studied 
best in chemotherapy regimens containing high-dose cisplatin or anthracyclines and 
cyclophosphamide (AC) combinations. However, delayed CINV is also associated with 
moderately emetogenic chemotherapy regimens (non-AC MEC) [5-10]. Non-AC MEC 
consists of a broad range of chemotherapeutic agents, with emetogenic potentials of 30% 
to 90%; agents like oxaliplatin and irinotecan have an emetogenic potential in the lower 
part of this range, as opposed to carboplatin, which is at the high end [11,12]. 

In 2013, the Multinational Association for Supportive Care in Cancer (MASCC) and the 
European Society of Medical Oncology (ESMO) last updated their guidelines for the 
management of CINV in adults [13]. In 2011, the American Society of Clinical Oncology 
(ASCO) published the last updated clinical practice guideline for antiemetics in oncology 
[14]. All guidelines recommend palonosetron combined with dexamethasone for the 
prevention of acute CINV following non-AC MEC, with multiday oral dexamethasone 
as the preferred treatment for the prevention of delayed CINV (level of evidence IIb). 
These recommendations are based however on phase III trials, which did not evaluate 
the combination of palonosetron and dexamethasone in MEC, but only in HEC and AC 
chemotherapy [15,16]. Also, patients in the aforementioned trials did not receive optimal 
antiemetic treatment with NK1 receptor antagonists, as recommended for HEC and 
AC chemotherapy, which may have influenced the results. Despite the recommended 
combination of palonosetron and multiday dexamethasone, many patients still experience 
delayed CINV following non-AC MEC. In a small observational trial with colorectal cancer 
patients, palonosetron and dexamethasone failed to provide both complete response (CR) 
and complete control (CC) in 15% of the patients in the delayed phase [17]. In another 
phase III trial with palonosetron and dexamethasone administered for 3 days, almost 
25% of the patients did not achieve CR in the delayed phase. [18]. Further evidence on 
the efficacy of new strategies to prevent delayed CINV after non-AC MEC is therefore 
needed. This systematic review aims to provide a comprehensive assessment of recently 
performed RCTs on this specific topic. 
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Methods
Search strategy
We conducted a systematic search in PubMed and conference proceedings of ASCO, 
ESMO and MASCC in August 2014. For PubMed the following syntax was applied: 
“chemotherapy-induced nausea and vomiting [tiab]” OR “CINV [tiab]” OR “emesis [tiab]” 
OR “delayed nausea [tiab]” OR “moderately emetogenic [tiab]” OR “MEC [tiab]”, with 
limits: clinical trial, full text, English, humans, adult, and date from January 1th 2009 to 
July 31th 2014. An electronic search was undertaken of conference proceedings of ASCO, 
ESMO, and MASCC from January 1th 2009 to July 31th 2014. 

Selection criteria
Potentially relevant studies retrieved by the PubMed and conference proceedings 
searches were independently reviewed for eligibility by two investigators (M.V.D.V. and 
E.C.W.N.). Any disagreement between the reviewers was resolved by re-examination and 
subsequent discussion to reach a consensus. Unpublished or retrospective studies were 
not considered eligible. Levels of evidence were not used to assess the value of each 
publication selected for inclusion. The following criteria for inclusion were applied: a) The 
study aimed to prospectively evaluate the efficacy of two or more antiemetic strategies 
in the prevention of delayed CINV after the administration of moderately emetogenic 
chemotherapy not containing anthracyclines and cyclophosphamide (non-AC MEC); b) 
At least one of the following endpoints was used in the study: 1) complete response; 2) 
complete control; 3) no nausea; 4) no vomiting; or 5) no use of rescue medication. Studies 
on patients receiving chemotherapy with mixed emetogenicity (HEC and/or AC and/or 
non-AC MEC) were included only if subgroup analysis (pre-planned or ad hoc) of the non-
AC MEC subgroup was performed. When data on AC and non-AC MEC were combined, it 
was arbitrarily decided to include studies in which the percentage of patients receiving AC 
was less than 50% in the subgroup analysis. Both RCTs in which the antiemetic therapies 
only differed beyond day 1, and RCTs in which there was a difference starting at day 1 
were included. 

Data extraction
Extracted items were: study design, number of patients included, number of patients 
receiving non-AC MEC, tumor types, emetogenic level of assessed chemotherapeutic 
agents, primary efficacy endpoints, intervention, and reported results. Because of the 
heterogeneity in study designs, risk of bias, and variety in patient populations, conducting 
a meta-analysis was not possible.

Results
Number of studies meeting selection criteria
Using the PubMed syntax and aforementioned limits, 247 potentially relevant studies 
were identified. Figure 1 depicts the subsequent stepwise selection of 9 eligible studies. 
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Searching conference proceedings of ASCO, ESMO, and MASCC did not provide additional 
eligible studies. 

Characteristics eligible studies
Our search provided 9 studies which met the selection criteria [18-26]. Mean sample size 
was 320 patients. Mean number of patients receiving non-AC MEC was 230. All but three 
studies assesses patients with various tumor types. A Most studies assessed antiemetics 
in patients receiving a broad range of chemotherapy regimens, including HEC, AC and 
MEC regimens; three studies assessed non-AC MEC only. Most studies were double-
blinded, including one phase II trial. Three had a crossover study design. Two were non-
inferiority trials. Palonosetron was assessed in three studies, including one evaluating 
a dexamethasone-sparing regimen. NK1 receptor antagonists were assessed in three 
studies, including one evaluating casopitant. 

Figure 1. Flow chart of included studies

Abbreviations: MEC, moderately emetogenic chemotherapy; non-AC, not containing anthracyclines and cyclophosphamide 

Although casopitant was discontinued for further development, we included data from 
this RCT because they provide evidence to clarify the usage of NK1 receptor antagonists 
for non-AC MEC. Other antiemetics assessed were NEPA, olanzapine and megestrol 
acetate, each in one study. Complete response (CR, defined as “no vomiting”, and/or “no 
use of rescue antiemetics”) in the acute, delayed, and overall phases was the primary 
efficacy endpoint in the majority of the studies included. Study details are summarized 
in Table 1.  
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Table 1. Characteristics of randomized controlled trials. 

First author, 
year (ref)

Total No. 
patients/
non-AC 

Tumor MEC 
regimen 

Study design Primary 
efficacy  
endpoint

Intervention Results

Palonosetron

Kaushal, 
2010  [19]

30/30 Head and 
neck

TCF Randomized, 
crossover

CR acute, 
delayed, and 
overall 

PAL vs. OND  
ondansetron

NS

Tian, 
2011 [20]

144/108 Various Various Double-
blind, non-
inferiority, 
crossover

CR acute PAL vs. GRA PAL not 
inferior 

Dexamethasone-sparing regimens

Celio, 
2011  [18]

332/215 Mainly 
breast/ 
CRC

Various Open-label, 
non-
inferiority, 
parallel

CR overall PAL + DEX day1 
vs.
PAL + DEX 
day1-3

PAL not 
inferior

NK1 receptor antagonists

Rapoport,
2009 [21]

848/444 Various Various Double-blind, 
parallel

No vomiting 
overall 

APR vs. OND APR superior

Hesketh,
2012 [22]

707/707 CRC Oxaliplatin Double-blind, 
parallel

CR overall CAS vs. PLA NS

Tanioka, 
2013 [23]

91/91 GYN Carboplatin Double-blind, 
parallel, 
phase II

CR overall APR vs. PLA NS

NEPA

Gralla,
2014 [24]

412/312 Various Various Double-blind, 
parallel

CR acute, 
delayed, 
overall 

NEPA 
vs. 
APR + PAL

NS

Olanzapine

Tan, 
2009 [25] 

229/121 Various Various Open-label, 
parallel

CR acute, 
delayed, 
overall

OLA day1-5 + 
AZA + DEX day1 
vs.
AZA + DEX day 
1-5

OLA 
superior

Megestrol acetate

Zang,
2011 [26]

100/44 Various Various Single-blind, 
crossover

CR acute, 
delayed, 
overall

MEG vs. PLA MEG 
superior

Abbreviations: APR, aprepitant; AZA, azasetron; CAS, casopitant; CR, complete response (defined as “no vomiting” and/or “no 
use of rescue antiemetics); CRC, colorectal cancer; DEX, dexamethasone; GRA, granisetron; GYN, gynecological cancers; MEC, 
moderately emetogenic chemotherapy; MEG, megestrol acetate; non-AC, not containing anthracyclines and cyclophosphamide; 
NEPA, netupitant/palonosetron; NS, not significant; OLA, olanzapine; PAL, palonosetron; PLA, placebo; OND, ondansetron; TCF, 
regimen containing docetaxel, carboplatin and 5-Fluorouracil

Palonosetron
An open-label, crossover trial was designed to evaluate the efficacy of palonosetron 
compared with ondansetron [19]. This study included 30 patients with head and neck 
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cancer. All patients received the same non-AC MEC regimen docetaxel 60 mg/m2, 
carboplatin 300 mg/m2, and 5-fluorouracil 600 mg/m2 (TPF regimen). Previous exposure 
to chemotherapy is unknown. Corticosteroids were administered to all patients on day 1. 
Complete response (CR, defined as no vomiting), and intensity of nausea, in the acute, 
delayed, and overall phases were the primary efficacy endpoints in this study. There were 
no significant differences in CR rates in all phases (palonosetron vs. ondansetron: acute 
phase 83.3% vs. 80%; delayed phase 76.6% vs. 66.7%; overall phase 66.7% vs. 46.7%; p 
values not provided). Differences in control of nausea were also not statistically significant 
during all phases.   

In a multicenter, double-blind, non-inferiority, crossover trial [20], 144 patients with a 
broad range of tumor types receiving HEC (cisplatin), AC, or non-AC MEC, were randomized 
to palonosetron in cycle 1, and then switched to granisetron in cycle 2 or vice versa. 
Both chemotherapy naïve and non-naïve patients were included. Corticosteroids were 
not allowed. The primary efficacy endpoint was the proportion of patients with CR (no 
vomiting) during the acute, delayed and overall phases. One hundred and eight patients 
(75%) received AC or non-AC MEC (63% of patients in this subgroup). One hundred and 
twenty-two patients received two cycles of chemotherapy. Data of both cycles were 
pooled. In the mixed AC/non-AC subgroup, differences in CR rates between palonosetron 
and granisetron were not significant; in the acute phase 72.16% vs. 67.65%; in the delayed 
phase 67.01% vs. 59.80%; in the overall phase 58.76% vs. 52.9%, respectively. P values 
not provided. 

Dexamethasone-reducing study
A multicenter, open-label, non-inferiority study published in 2011 [18], was designed 
to evaluate the efficacy of palonosetron plus single-day dexamethasone compared 
with multiday dexamethasone. This study included 332 patients receiving AC or non-AC 
MEC, mainly oxaliplatin, irinotecan, and carboplatin-based regimens. All patients were 
chemotherapy-naïve. CR (defined as no vomiting, no use of rescue medication) during the 
overall phase was the primary outcome measure. In the overall population, differences in 
CR rates during the overall phase were significant (67.5% for single day dexamethasone, 
and 71.1% for dexamethasone on days 1-3; difference, 95% CI: -3.6% (-13.5 to 6.3)). In the 
non-AC MEC subgroup analysis, there were no significant differences in CR rates between 
the single day and multiday dexamethasone groups; (in the acute phase 88.3% vs. 87.0% 
respectively (difference, 95% CI: 1.3 (-7.6 to 10.2)); in the delayed phase 71.2% vs. 76.0%, 
respectively (difference, 95% CI: -4.8 (-16.7 to 7)).

NK1 receptor antagonists 
In a multicenter, double-blind study by Rapoport et al [21], 848 patients receiving AC and 
non-AC MEC for a broad range of tumors, were randomized to compare the efficacy of an 
oral three-drug regimen of aprepitant, ondansetron and dexamethasone to an oral control 
regimen of ondansetron and dexamethasone. Fifty-two percent of the patients were 
given non-AC-based MEC, including oxaliplatin, carboplatin, ifosfamide, and irinotecan. 
All patients were chemotherapy-naïve. The primary efficacy endpoint was the proportion 
of patients reporting no vomiting during the overall phase. In the overall population, 
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a significantly higher proportion of patients on aprepitant reported no vomiting in the 
overall phase compared to the control group (76.2% versus 62.1%, respectively, p < 
0.001). In the post-hoc analysis of the non-AC MEC subgroup, statistically more patients 
in the aprepitant group compared to the control group reported no vomiting; in the acute 
phase 96.5% vs. 91.6%, respectively, p < 0.05; in the delayed phase 84.5% vs. 73.9%, 
respectively, p < 0.05; in the overall phase 83.2% vs. 71.3%, respectively, p < 0.05. 

In a double-blind, parallel group study by Hesketh et al [22], enrolling 707 patients receiving 
non-AC MEC (oxaliplatin) for colorectal cancer, the efficacy of single-dose casopitant was 
compared to placebo. All patients received ondansetron on days 1-3 plus dexamethasone 
on day 1, and were chemotherapy naïve. The primary endpoint in this study was the 
percentage of patients achieving CR (defined as no vomiting, no use of rescue medication) 
during the overall phase. There were no significant differences between both groups; 86% 
of the patients in the casopitant group vs. 85% in the placebo group achieved CR (p = 
0.7273). There were also no significant differences between the casopitant and placebo 
group in the acute phase (97% vs. 96%, respectively, p = 0.4771) and in the delayed phase 
(86% vs. 85%, respectively, p = 0.7273). There was also no significant difference in severity 
of nausea between casopitant and placebo in all phases. 

Ninety-one female patients who were younger than 70 years, and received carboplatin-
based chemotherapy for gynecological tumors, were randomized to aprepitant or placebo 
in a multicenter, double-blind, phase II trial [23]. All patients received granisetron and 
multi-day corticosteroids. Previous exposure to chemotherapy is unknown. The primary 
endpoint was CR (no vomiting, no rescue medication) during the overall phase. CR rates 
were not significantly different between aprepitant and placebo in the overall phase (62% 
vs. 52%, respectively, p = 0.33). There were also no significant differences in CR rates 
during the acute and delayed phases between aprepitant and placebo; 98% vs. 96%, 
respectively, and 62% vs. 52%, respectively). 

NEPA, a fixed-dose combination of netupitant and palonosetron
In a multicenter, double-blind study by Gralla et al [24], the efficacy of a single dose of 
NEPA (oral fixed-dose combination of 300 mg netupitant and 0.50 mg palonosetron) was 
compared to oral aprepitant plus oral palonosetron 0.50 mg, in 412 patients treated with 
either HEC or non-AC MEC regimens for a broad range of tumors. Seventy-six percent of the 
patients received non-AC MEC, mainly carboplatin and oxaliplatin-based chemotherapy. 
In this study, the dose/schedule of oral dexamethasone was open-label and based on the 
emetogenicity of the chemotherapeutic regimen. All patients were chemotherapy-naïve. 
The study was designed to assess the safety of NEPA, but also to assess the efficacy of this 
antiemetic drug. Overall incidence, type and frequency of adverse events were comparable 
between the treatment groups. In the overall population, CR rates (no vomiting, no use of 
rescue medication) in the overall phase were similar in cycle 1 (81% in the NEPA group vs. 
76% in the control arm). The reported control of nausea was comparable in both groups: 
84%-92% across cycles for NEPA, and 81%-87% for the control group. For the non-AC MEC 
subgroup, CR rates across cycles were also comparable between the treatment groups: 
80%-93% in the NEPA group, and 82%-89% in the control group. 
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Olanzapine 
In 229 patients with a broad range of tumors, the efficacy of olanzapine was compared to 
the 5-HT3 receptor antagonist azasetron in an open-label trial by Tan et al [25]. Patients 
receiving HEC, AC, or non-AC MEC, were randomized to olanzapine 10 mg days 1-5 plus 
azasetron 10 mg iv. and dexamethasone 10 mg iv. on day 1, or to the control group with 
azasetron 10 mg iv. on day 1 plus dexamethasone 10 mg iv. days 1-5. Both chemotherapy-
naïve and non-naïve patients were included. Fifty-six percent of all randomized patients 
received AC or non-AC MEC. In this mixed subgroup, 55% of the patients received non-
AC MEC, mainly oxaliplatin-based chemotherapy. The primary endpoint in this study was 
CR (no nausea and vomiting, no use of rescue medication) during the acute, delayed 
and overall phases. In the overall population, CR rates in the acute phase were very high 
(>95%), and did not significantly differ between olanzapine and 5-day dexamethasone in 
both the HEC and combined AC and non-AC MEC subgroups. In the combined subgroup, 
CR rates in the delayed phase were 83% for the olanzapine group vs. 58% for the control 
group (p < 0.05); in the overall phase 83% and 56%, respectively (p < 0.05).

Megestrol acetate
One hundred patients with gastrointestinal or lung cancer, who were treated with HEC or 
non-AC MEC (mainly oxaliplatin and irinotecan-based chemotherapy) were randomized in 
a single-blind, crossover trial published in 2011, to receive either oral megestrol acetate 
320 mg or placebo [26]. Corticosteroids were not allowed in this study. Information on 
previous treatment with chemotherapy was not provided. CR rates in the acute, delayed, 
and overall phases were primary endpoints. In the non-AC MEC subgroup (44% of all 
patients), CR rates were significantly higher in the megesterol acetate group: in the 
overall phase 50% vs. 27.3%, respectively (p = 0.002); in the acute phase 72.7% vs. 59.1%, 
respectively (p = 0.146) and in the delayed phase 52.3% vs. 25.0% (p = 0.000), respectively. 

Discussion
This review focuses on recent RCTs assessing prophylactic antiemetic treatment for de-
layed CINV following non-AC MEC. Results from the included trials show a diversity of 
antiemetic agents assessed. Because of heterogeneity in chosen endpoints, included 
populations, chemotherapy regimens, and tumor types,  comparison of data from these 
studies is limited. There are, however, several findings of interest. We identified two trials 
comparing the efficacy of palonosetron to first-generation 5-HT3 receptor antagonists. 
Both studies suggest that palonosetron is equally effective as first- generation 5HT3 recep-
tor antagonists for the prevention of acute and delayed CINV after non-AC MEC. This con-
clusion is consistent with results from recently performed study by Roscoe et al [27]. They 
found that, in patients treated with chemotherapy with mixed emetogenicity, including 
non-AC MEC, palonosetron was not more effective than granisetron in rates of average 
delayed nausea, which was the primary endpoint in this study, when both were combined 
with single-day dexamethasone and the dopamine (D2) receptor antagonist prochlorpera-
zine. Because no non-AC MEC subgroup analysis was performed, this study did not meet 
selection criteria for inclusion in our review. On the other hand, the conclusions of both 
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studies included in our review are at variance with results from a recently performed 
systematic review and meta-analysis by Popovic et al [28], that showed that palonose-
tron was superior to first-generation 5-HT3 receptor antagonists in preventing acute and 
delayed CINV. Data from AC and non-AC MEC subgroups were pooled, therefore, this 
meta-analysis does not specifically address the efficacy of palonosetron for delayed CINV 
prophylaxis following non-AC MEC.

Obviously, the two included studies regarding palonosetron [19, 20] have some limitations. 
Both have a crossover design, which causes a considerable risk of bias, including the 
possibility of a ‘carry over’ of treatment effect from one chemotherapy cycle to the next. 
The investigators have minimized this risk by pooling data from cycle 1 and 2. Moreover, the 
total number of included patients on non-AC MEC regimens was only 138. Also, multiday 
dexamethasone for the prevention of delayed CINV was not allowed in both trials, which 
is not consistent with current guideline recommendations. This could have influenced 
the outcome measures used in these studies. Furthermore, CR in the delayed phase was 
not a primary but secondary endpoint in the largest study. It is doubtful whether this trial 
was powered sufficiently to detect a difference in both endpoints. Considering this, we 
conclude that at present there is still insufficient data to decide whether palonosetron is 
the preferred 5-HT3 receptor antagonist following non-AC MEC.

Current guidelines recommend the use of multiday dexamethasone to prevent delayed 
CINV after non-AC MEC. Dexamethasone use is often accompanied by unpleasant side 
effects. Reduction of dexamethasone exposure, without a decrease in efficacy, could be 
beneficial for patients. One study we included in our review reported that the efficacy of 
a single-day regimen of palonosetron and dexamethasone is non-inferior to palonosetron 
and multiday dexamethasone in the acute, delayed, and overall phases following non-AC 
MEC [18]. This evidence may be of particular benefit to patients undergoing multiple 
cycles of therapy when palonosetron is prescribed, and where the long-term side effects 
of dexamethasone can be reduced.  

While the major guidelines do not recommend the use of an NK1 receptor antagonist 
for non-AC MEC, there is some evidence that adding aprepitant may improve control of 
vomiting. Results from the study by Rapoport et al [21] show that a significantly higher 
proportion of patients on aprepitant reported the primary outcome of no vomiting during 
all phases. This study, however, has some limitations. For example, non-AC-MEC subgroup 
analysis was not predefined. Furthermore, multiday ondansetron was used as an active 
control arm for delayed CINV prophylaxis, which is not justified anymore by clinical 
evidence [29]. Data from two other included studies assessing NK1 receptor antagonists 
[22, 23] are in contrast with the study by Rapoport et al. Both studies were well-designed, 
and assessed the additional effect of NK1 receptor antagonists to first-generation 5-HT3 
receptor antagonists in homogeneous patient populations with clearly defined tumor 
types, treated with oxaliplatin or carboplatin-based chemotherapy. Adding NK1 receptor 
antagonists did not improve CR rates during the acute and delayed phase. Therefore, we 
conclude that so far no convincing evidence exists indicating benefits from adding NK1 
receptor antagonists to standard prophylactic antiemetic treatment following non-AC-
MEC.
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Some phase II studies suggested that adding a NK1 receptor antagonist to palonosetron 
and dexamethasone causes high CR rates in patients undergoing HEC or non-AC MEC. 
[30,31]. CR rates of more 95% and 85% could be achieved during the acute and delayed 
phase, respectively, for patients treated with carboplatin-based chemotherapy. This led 
to the drug development of NEPA, an oral fixed-dose combination of netupitant, which 
is a highly selective NK1 receptor antagonist, and palonosetron. We included the study 
by Gralla et al [24], which concluded that this combination drug was safe, well tolerated, 
and highly effective, when compared to oral 3-day aprepitant and palonosetron, and 
when both treatment groups are combined with dexamethasone. Because this study was 
designed primarily to assess the safety of NEPA, we believe that future RCTs should be 
performed to investigate the efficacy of NEPA in clearly predefined AC and non-AC MEC 
subgroups.  

New anti-CINV regimens for non-AC MEC are evolving. Recently, it was noticed that 
olanzapine, an atypical antipsychotic, combined with a single dose of dexamethasone 
and palonosetron was highly effective at controlling acute and delayed CINV in patients 
receiving HEC [32]. Tan et al. found highly significant CR rates for delayed CINV prophylaxis 
following non-AC MEC with multiday olanzapine compared to multiday dexamethasone 
[25]. Consequently, olanzapine could combine reduction of dexamethasone exposure 
with improved efficacy. This study has some limitations, however, like its open-label 
design, which could have influenced outcome measures. Moreover, AC and non-AC 
regimens were taken together in the subgroup analysis. Future studies in clearly defined 
non-AC MEC subgroups should assess whether the use of olanzapine results in better CR 
rates for delayed CINV after non-AC MEC.

The antiemetic potential of megestrol acetate was assessed in one trial in a small 
population, receiving chemotherapy with mixed emetogenicity [26]. The authors reported 
highly significant CR rates for non-AC MEC treated patients, when megestrol acetate 
was compared to placebo. All patients received granisetron and metoclopramide, but 
corticosteroids were not allowed. Subgroup analysis for MEC contained both AC and non-
AC regimens, which could influenced the results. Megestrol acetate should be compared 
in future trials with standard antiemetics. There are some limitations of this review. Data 
of the included RCTs could not be synthesized because of the heterogeneity of antiemetic 
regimens, patient populations and variance of primary outcomes. AC and non-AC MEC 
were often combined in subgroup analyses, making it hard to draw firm conclusions for 
non-AC MEC regimens. 

Conclusions 
High level evidence for optimal prophylaxis of delayed CINV after non-AC 
MEC is lacking. Further research is essential to improve antiemetic treatment 
efficacy and outcome while treatment (dexamethasone)-related toxicities are 
minimized and acceptable.
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Abstract
Background: For the prevention of chemotherapy-induced nausea and vomiting 
(CINV) during the delayed phase (24-120 hr) after moderately emetogenic 
chemotherapy (MEC), the use of 3-day dexamethasone (DEX) is often 
recommended. This study compared the efficacy and safety of two DEX-sparing 
regimens with 3-day DEX, focusing on delayed nausea. 

Patients and methods: This open-label, randomized, phase III study was designed 
to demonstrate noninferiority of two DEX-sparing regimens: ondansetron + DEX 
on day 1, metoclopramide on days 2-3 (MCP arm), and palonosetron + DEX 
on day 1 (PAL arm) to ondansetron on day 1 + DEX on days 1-3 (DEX arm) in 
chemotherapy-naïve patients receiving MEC. Primary efficacy endpoint was 
total control (TC; no emetic episodes, no use of rescue medication, no nausea) in 
the delayed phase. Noninferiority was defined as a lower 95% CI greater than the 
noninferiority margin set at -20%. Secondary endpoints included no vomiting, 
no rescue medication, no (significant) nausea, impact of CINV on quality of life, 
antiemetics-associated side effects. 

Results: Treatment arms were comparable for 189 patients analyzed: pre-
dominantly male (55.7%); median age 65.0  years; colorectal cancer (85.7%); 
oxaliplatin-based chemotherapy (81.5%). MCP demonstrated noninferiority to 
DEX for delayed TC (MCP 56.1% versus DEX 50.0%, 95% CI (-11.3%, 23.5%)). PAL 
also demonstrated noninferiority to DEX (PAL 55.6% versus DEX 50.0%, 95% 
CI (-12.0%, 23.2%)). There were no statistically significant differences for all 
secondary endpoints between treatment arms. 

Conclusions: This study showed that DEX-sparing regimens are noninferior to 
multiple-day DEX in terms of delayed TC rate in patients undergoing MEC.

Key words: 
metoclopramide, dexamethasone, palonosetron, vomiting, nausea, moderately 
emeto-genic chemotherapy
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Introduction
Chemotherapy-induced nausea and vomiting (CINV) in the delayed phase (24-120 hr 
post-chemotherapy) remains one of the most troublesome adverse effects associated with 
cancer treatment [1-4]. Clinical studies among patients receiving moderately emetogenic 
chemotherapy (MEC) demonstrate significantly higher incidences of delayed CINV com-
pared with acute CINV (0-24 hr post-chemotherapy), with twice as many patients requiring 
rescue antiemetic therapy during the delayed phase [5-7]. In particular, delayed nausea is 
often poorly controlled; patients experience nausea as more distressing than vomiting [8, 
9]. Nausea is also frequently underreported by patients leading to underestimation and 
undertreatment by clinicians [10, 11].  

Many of the antiemetic agents currently available do little to relieve nausea [12]. 
Evidence-based antiemetic guidelines [13, 14] for patients receiving MEC recommend 
co-administration of a hydroxytryptamine-3 (5-HT3) receptor antagonist (RA) and 
dexamethasone (DEX). DEX beyond 24 h is recommended for agents with a known potential 
for delayed CINV such as oxaliplatin, monotherapy doxorubin or cyclophosphamide. This 
recommendation is based upon results from studies performed in patients receiving 
regimens, which have recently been reclassified as highly emetogenic chemotherapy, 
such as anthracycline / cyclophosphamide (AC) combinations and carboplatin [15, 
16]. Although prophylactic DEX has been generally considered safe, its administration 
may be associated with a wide range of side effects in the week after the initiation of 
chemotherapy [17]. Therefore, there is interest in minimising dose and frequency of DEX 
in antiemetic regimens recommended for the prevention of acute and delayed CINV. A 
recent meta-analysis demonstrated that a DEX-sparing regimen consisting of single-dose 
DEX plus the second-generation 5-HT3 RA palonosetron compared with 3-day DEX plus 
palonosetron did not cause any significant loss in protection against not only vomiting 
but also nausea during the delayed period [18]. However, only two of the eight studies 
included in this analysis involved MEC [19, 20]. The primary endpoint in both studies 
was complete response (CR; defined as no emetic episodes, no rescue medication) in the 
overall 5-day study period, while no nausea or no more than mild nausea in the delayed 
phase were single secondary endpoints or part of composite secondary endpoints, for 
which these trials were not powered. The results may therefore not accurately reflect the 
patients’ actual experience of delayed nausea.  

Another DEX-sparing option to improve CINV outcomes in MEC-treated patients is the 
addition of a third prophylactic drug to the antiemetic backbone containing a 5-HT3 RA plus 
single-dose DEX. Receptors other than serotonergic, such as dopaminergic, histaminic and 
muscarinic may be the dominant receptors in the control of nausea [21-23]. Therefore, 
dopamine 2 (D2)-receptor antagonists with prokinetic effects like metoclopramide, 
currently recommended only for the treatment of breakthrough emesis, could be useful 
in improving delayed nausea control. Comparative studies in MEC-treated patients 
investigating the efficacy of a three-drug prophylactic antiemetic regimen including a 
dopamine receptor antagonist with a 5-HT3 RA plus single-dose DEX against delayed nausea 
are lacking so far. Herein we report the results of a randomized, phase III, noninferiority 
trial among patients receiving MEC, in which we studied the efficacy and safety of two 
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DEX-sparing strategies consisting of single-dose DEX plus palonosetron, or a three-drug 
regimen with single-dose DEX plus the 5-HT3 RA ondansetron and metoclopramide on 
days 2-3, both compared with standard 3-day DEX plus ondansetron. The objective was to 
demonstrate noninferiority of both DEX-sparing regimens to standard treatment in terms 
of control of delayed CINV with a focus on delayed nausea. 

Patients and methods
Study design
This multicenter, open-label, randomized, phase III, noninferiority trial included patients 
at 6 enrolling sites in the Netherlands between June 2014 and June 2018. The institutional 
review board or ethics committee of each study site reviewed and approved the study pro-
tocol. All patients provided written informed consent according to international guidelines 
before treatment entry. The study was conducted in accordance with the Declaration of 
Helsinki and the International Conference on Harmonization guideline for Good Clinical 
Practice. This study was registered in ClinicalTrials.gov (number NCT02135510).

Patients
Eligible patients were ≥18 years, naïve to chemotherapy, able to speak and read the Dutch 
language fluently, and scheduled to receive the first course of MEC for treatment of a 
histologically or cytologically confirmed solid tumor malignancy. MEC agents could be 
administered intravenously (IV) as single agents or in combination with chemotherapy 
agents with low or minimal emetogenic potential. Patients were required to have an 
Eastern Cooperative Oncology Group (ECOG) Performance Status of 0-1, and acceptable 
hematologic, hepatic, and renal functions. Patients were not eligible if they were scheduled 
to receive radiotherapy within 2 weeks before initiation of chemotherapy or between 
days 1 and 8 after the administration of chemotherapy. Additional exclusion criteria were: 
receipt of medication with antiemetic effect up to 48 hr before chemotherapy; vomiting, 
retching or mild nausea up to 48 hr before chemotherapy; serious comorbidity conditions 
such as intestinal obstruction, active peptic ulcer, hypercalcemia, uncontrolled diabetes 
mellitus, pheochromocytoma, brain – or leptomeningeal metastases, parkinsonism, 
epilepsy, or psychiatric disorders. Patients with a history of alcohol abuse or concurrent 
use of corticosteroids (similar to prednisone ≥10 mg), and pregnant or nursing women 
were also excluded. 

Procedures and outcomes 
Eligible patients were randomly assigned (1:1:1 ratio) to receive study treatment. The 
method for concealment of allocation was by enclosing assignments in sequentially 
numbered, opaque, sealed envelopes provided by an independent third party (university 
medical center pharmacist). The envelopes were opened sequentially, and only after the 
envelope had been irreversibly assigned to the participant. Investigators who evaluated 
treatment response were not masked to group assignment. The allocated treatment was 
not masked to the respective patients and treatment physicians. However, treatment 
assignments were concealed from the institutions and patients until registration. In 
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this study, three antiemetic regimens for prevention of delayed CINV were compared: 
ondansetron 8 mg IV and DEX 8 mg IV on day 1 with DEX 4 mg orally (PO) twice daily on 
days 2-3 (DEX arm); ondansetron 8 mg IV and DEX 8 mg IV on day 1 with metoclopramide 
10 mg PO three times daily on days 2-3 (MCP arm); palonosetron 0.25 mg IV and DEX 8 
mg IV on day 1 with no additional doses of antiemetics (PAL arm). Dose, dosage, and route 
of administration of antiemetic treatment were according to current clinical guidelines 
(supplemental Table S1). Ondansetron, metoclopramide, DEX, and benzodiazepines were 
permitted as rescue antiemetics during chemotherapy treatment. 

During days 1–5 (0-120 hr), each patient completed a diary, capturing emetic episodes, 
severity of nausea and intake of rescue antiemetics. An emetic episode was defined as 
any episode of vomiting or retching, or combined vomiting and retching. Severity of 
nausea was evaluated using a 7-point Likert scale, ranging from no nausea (0 points) 
to nausea as bad it could be (7 points). On day 2, a telephone call was made by study 
personnel to ensure adherence to the required documentation and the prescribed study 
medication at home. On day 8, diaries were collected and reviewed. The proportions 
of patients with scores reflecting no vomiting, no nausea (score 0 on the Likert scale), 
no significant nausea (score ≤2 on the Likert scale), and no intake of rescue antiemetics 
were evaluated. The validated modified version of the Functional Living Index-Emesis 
(FLIE) questionnaire with a 5-day recall period was used to assess the impact of acute 
and delayed CINV on patients’ daily lives (24). The FLIE questionnaire (consisting of nine 
nausea-specific and nine vomiting-specific items) was completed by patients on days 2 
and 6 post-chemotherapy. Responses were marked on a 100 mm VAS with anchors of 1 
and 7. The proportion of patients with scores reflecting ‘no or minimal impact on daily life’ 
(NIDL), defined as total FLIE score >108, was evaluated. The Dexamethasone Symptom 
Questionnaire (DSQ), a self-report questionnaire designed to be completed one week 
after the initiation of MEC, was used to rate the incidence and severity of DEX-associated 
side effects (17). The DSQ includes eight items evaluating insomnia, gastroesophageal 
reflux, increased appetite, rash/acne, hiccups, oral candida, agitation, and feelings of 
depressing on ceasing medication. Responses were formatted using a four-point Likert 
scale (1 = not at all, 2 = a little bit, 3 = quite a bit, 4 = very much). The proportion of patients 
with moderate to severe side effects (score 3 or 4) was evaluated. The clinician-rated 
Abnormal Involuntary Movement Scale (AIMS) was used on day 8 to assess the severity of 
metoclopramide-associated dyskinesias (25). The AIMS consists of four categories: facial 
and oral movements (four items), extremity movements (two items), trunk movements 
(one item), global judgment (three items); each item being scored from 0 to 4 (i.e. none 
= 0 points, minimal = 1 point, mild = 2 points, moderate = 3 points, severe = 4 points). 
The proportion of patients with mild to severe dyskinesias (scores ≥2) was evaluated. The 
primary efficacy endpoint was total control (TC; defined as no emetic episodes, no use of 
rescue medication, and no nausea) in the delayed phase. Secondary efficacy endpoints 
included TC rates during the acute and overall (0-120 hr post-chemotherapy) phases, 
no vomiting, no significant nausea, no nausea, no use of rescue antiemetics, complete 
response (CR; defined as no emetic episodes, no use of rescue medication), and complete 
protection (CP; defined as no emetic episodes, no use of rescue medication, no significant 
nausea) during all phases. Mean FLIE scores and FLIE scores reflecting NIDL during the 
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acute/delayed phases were also evaluated as secondary endpoints. Safety was assessed 
by collection of side effects associated with DEX (evaluated with DSQ), and by collection 
of metoclopramide-associated dyskinesias (evaluated with AIMS). 

Statistical analysis
Assuming a delayed TC rate of 80% in the 3-day DEX arm and 60% in the 1-day DEX arms 
(19) with a noninferiority margin set at -20%, a total of 189 patients (63 patients per 
arm) were required under a two-sided 5% significance level and 80% power, to show 
the noninferiority of the MCP and PAL arm to the DEX arm. Allowing a dropout rate of 
20%, we aimed to enroll 237 patients (79 patients per arm). Number and proportion of 
patients with delayed TC was reported for each treatment group, and 95% confidence 
interval (CI) was estimated. If the lower limit of the 95% CI of the difference in delayed TC 
rates between the MCP and DEX arm or between the PAL and DEX arm was greater than 
the noninferiority margin of -20%, we would conclude that the MCP and PAL arms were 
noninferior to the DEX arm with regard to delayed TC. Because failure to control acute 
nausea and vomiting on the first day of chemotherapy will increase the risk of delayed 
nausea and vomiting (26), a bootstrap approach for analysis of covariance (ANCOVA) with 
a Bonferroni correction (Bonferroni post hoc test) was used to test the effect of antiemetic 
study medication on delayed TC, controlling for the effect of acute TC (covariate) on 
delayed TC rates. For secondary endpoints, statistical analyses utilized the same methods 
as the primary endpoint. Baseline characteristics were compared between the treatment 
arms with the Mann-Whitney U test or chi-squared test. A P-value ≤0.05 was considered 
statistically significant. All analyses were conducted by using IBM SPSS statistics version 
22 (Chicago, IL, United States).
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Results
From June 2014 to June 2018, a total of 230 patients were randomly selected to receive 
antiemetic study treatment (Figure 1). 

Figure 1. Trial profile.                                          

 

 

 

               

 

 

 

 

 

 

   

 

 

     

 

 

 

 

 

 

 

 

  

230 patients were enrolled 
and randomly assigned 

 77 assigned to  

DEX arma  

 79 assigned to  

MCP armb 

 75 assigned to  

PAL armc 

13 did not complete 
study assessments: 

▪ 5 due to non-
compliance 

▪ 4 due to side-
effects 
chemotherapy 

▪ 4 unknown  

17 did not complete 
study assessments: 

▪ 8 due to non-
compliance 

▪ 5 due to side-
effects 
chemotherapy 

▪ 4 unknown 

12 did not complete 
study assessments: 

▪ 4 due to non-
compliance 

▪ 5 due to side-
effects 
chemotherapy 

▪ 3 unknown 

60 were assessed for 
TC in the delayed 

period 

66 were assessed for 
TC in the delayed 

period 

63 were assessed for 
TC in the delayed 

period 

247 patients were assessed 
for eligibility 

17 were excluded  before 
randomization; did not meet  

inclusion criteria 

Abbreviations: DEX, 3-day dexamethasone; MCP, metoclopramide; PAL, palonosetron; TC, total control
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Baseline characteristics of all randomized patients are summarized in supplemental Table 
S2. Post-randomization, 42 patients (n = 17 DEX arm, n = 13 MCP arm, n = 12 PAL arm) 
did not complete any study assessments, and were therefore excluded from efficacy and 
safety analyses. Consequently, 189 patients (n = 60 DEX arm, n = 66 MCP arm, n = 63 
PAL arm) represented the efficacy and safety population. Baseline characteristics of these 
patients were similar between treatment groups (Table 1). Slightly more patients were 
male (53.4%); colorectal cancer was the most common type of cancer (85.7%); oxalipla-
tin-based chemotherapy (81.5%) was the most commonly prescribed chemotherapeutic 
regimen. 

Table 1. Patient baseline and disease characteristics (efficacy and safety population).  

All patients
(n = 189), n(%)

DEX arm
(n = 60), n(%)

MCP arm
(n = 66), n(%)

PAL arm
(n = 63), n(%)

Age (years)
  Median (range)  
   ≤55 years
   >55 years

65.0 (40-84)
30 (15.9)

159 (84.1)

64.0 (46-82)
9 (15.0)

51 (85.0)

65.0 (40-84)
14 (21.2)
52 (78.8)

67.0 (40-82)
7 (11.1)

56 (88.9)

Gender
  Male
  Female

128 (55.7)
102 (44.3)

32 (53.3)
28 (46.7)

34 (51.5)
32 (48.5)

35 (55.6)
28 (44.4)

Tumor type
  Colorectal
  Ovarian
  Lung
  Gastric
  Pancreatic
  Other

162 (85.7)
13 (6.9)
6 (3.2)
4 (2.1)
3 (1.6)
1 (0.5)

53 (88.3)
4 (6.6)
1 (1.7)
1 (1.7)
1 (1.7)
0 (0)

54 (81.8)
5 (7.6)
4 (6.1)
2 (3.0)
1 (1.5)
0 (0)

55 (87.3)
4 (6.3)
1 (1.6)
1 (1.6)
1 (1.6)
1 (1.6)

Chemotherapy
  Oxaliplatin-baseda

  Carboplatin-basedb

  Irinotecan-based
  Anthracycline-basedc

  Other

154 (81.5)
19 (10)
11 (5.8)
4 (2.1)
1 (0.6)

52 (86.7)
5 (8.3)
2 (3.3)
1 (1.7)
0 (0.0)

50 (75.8)
9 (13.6)
5 (7.6)
2 (3.0)
0 (0.0)

52 (82.5)
5 (7.9)
4 (6.4)
1 (1.6)
1 (1.6)

Abbreviations: DEX, 3-day dexamethasone; MCP, metoclopramide; PAL, palonosetron  
aOxaliplatin dose: 130 mg/m2

bCarboplatin dose: area under the curve (AUC) ≥4 mg/mL/minute (recently reclassified as highly emetogenic)
cEpirubicin dose: 50 mg/m2 

Efficacy
Delayed TC rates were 50.0% (95% CI: 36.8, 63.2) in the DEX arm, 56.1% (95% CI: 43.3, 
68.3) in the MCP arm, and 55.6% (95% CI: 42.5, 68.1) in the PAL arm (Figure 2). The 
95% CI of the difference in delayed TC rates between the MCP and DEX arm was -11.3% 
to 23.5%; between the PAL and DEX arm -12.0% to 23.2%, both meeting the criteria for 
noninferiority to the DEX arm. TC rates in the acute phase were 85.0% (95% CI: 73.4%, 
92.9%) in the DEX arm, 90.9% (95% CI: 81.3%, 96.6%) in the MCP arm, and 79.4% (95% 
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CI: 67.3%, 88.5%) in the PAL arm. The 95% CI of the difference in acute TC rates was -5.6% 
to 17.0% between the MCP and DEX arm, and -19.2% to 7.6% between the PAL and DEX 
arm. In the overall phase, TC rates were 46.7% (95% CI: 33.7%, 60.0%) in the DEX arm, 
54.0% (95% CI: 40.9%, 66.6%) in the MCP arm, and 51.5% (95% CI: 38.9%, 64.0%) in the 
PAL arm. The 95% CI of the difference in overall TC rates was -10.3% to 24.9% between the 
MCP and DEX arm, and -12.7% to 22.3% between the PAL and DEX arm. After controlling 
for acute TC as covariate, we found no significant differences between the DEX arm and 
both the MCP (p = 0.68) and PAL arm (p = 0.35).

Figure 2. Noninferiority hypothesis in primary analysis was proven as the lower boundaries of the 
95% CI of between-group difference were greater than the preset threshold (−20%). 

Abbreviations: CI, confidence interval; DEX, 3-day dexamethasone; MCP, metoclopramide; PAL, palonosetron

Response rates for all secondary efficacy endpoints during the acute phase favored the 
MCP arm, although differences were not statistically significant between treatment arms. 
(Table 2).
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Table 2. Secondary efficacy endpoints. 

Endpoint DEX arm
(n = 60), % 

MCP arm
(n = 66), % 

PAL arm
(n = 63), % 

MCP-DEX risk 
difference (95% CI)

PAL-DEX risk difference 
(95% CI)

No vomiting
  Acute
  Delayed
  Overall

95.0%
88.3%
83.3%

97.0%
77.3%
75.8%

88.9%
77.8%
74.6%

2.0% (-4.9%, 8.9%)
-11% (-24.0%, 2.0%)
-7.5% (-21.5%, 6.5%)

-6.1% (-15.6%, 3.4%)
-10.5% (-23.6%, 2.6%)
-8.7% (-23.0%, 5.6%)

No significant 
nausea
  Acute
  Delayed
  Overall

90.0%
73.3%
70.0%

93.9%
71.2%
68.2%

85.7%
66.7%
63.5%

3.9% (-5.6%, 13.4%)
-2.1% (-17.7%, 13.5%)
-1.8% (-18.0%, 14.4%)

-4.3% (15.8%, 7.2%)
-6.6% (-22.8%, 9.6%)

-6.5% (-23.1%, 10.1%)

No nausea
  Acute
  Delayed
  Overall

63.3%
48.3%
45.0%

75.8%
43.9%
39.4%

69.8%
50.8%
46.0%

12.5% (-4.9%, 29.9%)
-4.4% (-21.7%, 12.9%)
-5.6% (-22.9%, 11.7%)

6.5% (-11.2%, 24.2%)
2.5% (-15.1%, 20.1%)
1.0% (-16.6%, 18.6%)

No rescue use
  Acute
  Delayed
  Overall

91.7%
63.3%
60.0%

97.0%
72.7%
69.7%

88.9%
73.0%
71.4%

5.3% (-12.1%, 22.7%)
9.4% (6.9%, 25.7%)
9.7% (6.9%, 26.3%)

-2.8% (-20.8%, 14.9%)
9.7% (-6.7%, 26.1%)

11.4% (-5.3%, 28.1%)

CR
  Acute
  Delayed
  Overall

91.7% 
55.0% 
51.7%

93.9% 
60.6% 
56.1%

82.5% 
66.7% 
63.5%

2.2 (-8.5%, 12.9%) 
5.6 (-11.7%, 22.9%) 
4.4 (-13.0%, 21.8%)

-9.2 (-21.1%, 2.70%) 
11.7 (-5,4%, 28.8%) 
11.8 (-5.6%, 29.2%)

CP
  Acute
  Delayed
  Overall

85.0% 
50.0% 
46.7%

90.9% 
56.1% 
51.5%

79.4% 
55.6% 
54.0%

5.9 (-5.8%, 17.3%) 
6.1 (-11.3%, 23,5%) 
4.8 (-12.7%, 22.3%)

-5.6 (-17.9%, 6.7%) 
5.6 (-12.0%, 23.2%) 
7.3 (-10.3%, 24.9%)

Abbreviations: CI, confidence interval, CP, complete protection; CR, complete response; DEX, 3-day dexamethasone; MCP, 
metoclopramide; PAL, palonosetron

No vomiting, no significant nausea, and no nausea rates during the delayed phase were 
slightly higher in the DEX arm; no use of rescue medication and delayed CR rate were higher 
in the PAL arm; delayed CP rate favored the MCP arm. All differences were not statistically 
significant between treatment arms. On day 2, mean FLIE score in the DEX arm was 118 
(Standard Deviation, SD, 17.5), 117 (SD, 22.4) in the MCP arm, and 114 (SD, 21.7) in the 
PAL arm. Slightly more patients in the MCP arm reported NIDL (87.5%), compared with 
86.0% in the DEX arm, and 78.7% in the PAL arm (Figure 3). 
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Figure 3. Percentage of patients with no or minimal impact on daily life (NIDL) based on the overall 
FLIE scores.

Abbreviations: DEX, 3-day dexamethasone; FLIE, Functional Living Index-Emesis; MCP, metoclopramide; PAL, palonosetron

Differences in NIDL scores on day 2 were not statistically significant between the MCP 
and DEX arms (p = 0.80) or between the PAL and DEX arms (p = 0.50). On day 6, mean 
FLIE score was 114 (SD, 16.1) in the DEX arm, 114 (SD, 21.5) in the MCP arm, and 114 (SD, 
21.2) in the PAL arm. A higher proportion of patients in the PAL arm reported NIDL (80%), 
compared with 70.9% and 78.1% of the patients reporting NIDL in the DEX and PAL arm, 
respectively. Differences in NIDL scores were not statistically significant between the MCP 
and DEX arms ( p = 0.37), nor between the PAL and DEX arms (p = 0.21). 

Safety
Table 3 shows the incidence of moderate to severe DEX-associated side effects (DSQ score 
3-4). Increased appetite, rash/acne of the face, and indigestion/reflux were the most 
common side effects in all treatment arms. All side effects were easily manageable and 
controllable. Differences in incidence were not statistically significant between treatment 
arms. Metoclopramide-associated dyskinesias rarely occurred: six patients (9.1%) suffered 
from mild (AIMS grade 2) involuntary movements of the oral or facial musculature; four 
patients (6.1%) from mild involuntary movements of the upper or lower limbs. Severe 
involuntary movement of the facial musculature (AIMS grade 4) was reported by only 
one patient (1.5%). Severe involuntary movement of the jaw was also experienced by 
one patient. There were no DEX- or metoclopramide-associated side effects leading to 
withdrawal from the study. 
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Table 3. Dexamethasone-associated side effects. 

DSQ DEX arm
(n = 60), n (%)

MCP arm
(n = 66), n (%)

PAL arm 
(n = 63), n (%)

Indigestion/ reflux  1 (1.7)  5 (7.6)  5 (7.9)

Insomnia  3 (5)  3 (4.5)  3 (4.8)

Increased appetite 10 (16.7)  8 (12.1)  9 (14.3)

Hiccups  2 (3.3)  0 (0)0  0 (0)

Agitation  2 (3.3)  0 (0)  1 (1.6)

Depression  3 (5.0)  1 (1.5)  2 (3.2)

Rash/acne  4 (6.7)  7 (10.6)  3 (4.8)

Thrush/oral yeast infection  2 (3.3)  2 (3.0)  6 (9.5)

Abbreviations: DEX, 3-day dexamethasone; DSQ, Dexamethasone Symptom Questionnaire; MCP, metoclopramide; PAL, 
palonosetron
a3-day dexamethasone (DEX) arm
b2-day metoclopramide (MCP arm
cPalonosetron (PAL) arm
All data are N (%) unless otherwise indicated
Only moderate to severe dexamethasone-associated side-effects (DSQ score 3 or 4) are shown

Discussion
The present study demonstrates noninferiority of two DEX-sparing regimens consisting 
of single-dose DEX plus palonosetron, or a three-drug regimen with single-dose DEX 
plus ondansetron and 2-day metoclopramide to standard treatment with DEX beyond 
24 h in terms of delayed TC rate in patients undergoing MEC. There were no statistically 
significant differences for any of the secondary endpoints between treatment arms. Our 
findings suggest that both DEX-sparing regimens may be effective and safe alternatives 
to multiple-day DEX for control of delayed nausea and vomiting. This study is the first to 
include nausea assessment as a part of the primary study outcome to better gauge the 
effectiveness of CINV control and patients’ experience. Due to the subjective nature of 
nausea, its most reliable index is to measure no nausea rather than no significant nausea. 
The slightly higher TC rates in the MCP arm were reflected in a quality of life benefit, 
with a correspondingly higher proportion of patients with no impact on their functioning 
due to acute and delayed CINV. While the differences were small and not statistically 
significant, it is encouraging that DEX-sparing strategies demonstrated some potential to 
improve quality of life. 
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Effective approaches to reduce patients’ exposure to corticosteroids remain among 
the hot topics in clinical research on CINV. This is because the side effects of DEX may 
outweigh its benefits when used for CINV control. Patients receiving cumulative DEX 
doses may experience more severe side effects; recent prospective studies highlighted 
a potentially detrimental impact of short-term prophylactic dexamethasone in patients 
undergoing consecutive courses of emetogenic chemotherapy [27, 28]. The incidence of 
moderate to severe DEX-associated side effects in the present study was low compared 
with those reported in the study by Vardy et al [17]. These differences may be explained 
by inaccuracy of the DSQ to determine which side effects were caused by DEX given 
after chemotherapy, by the IV DEX given before chemotherapy, by the chemotherapy 
itself (45% of patients in the study by Vardy et al were treated with highly emetogenic 
AC combinations), or by other antiemetics or concomitant medications. Moreover, 
DEX-associated side effects in our study were only assessed after the first cycle of 
chemotherapy, while patients completed an average of four cycles in the study by Vardy 
et al.    

The current study shows that a DEX-sparing strategy with ondansetron and metoclopramide 
on days 2-3 is a well-tolerated alternative prophylactic treatment to control CINV after MEC. 
Metoclopramide is a central D2-receptor antagonist with activity at the chemoreceptor 
trigger zone and vomiting center, but it also acts on peripheral D2, muscarinic, and 
5-HT4 receptors to induce prokinetic activity. At higher doses of metoclopramide (2 
mg/kg), 5-HT3 antagonist activity may also contribute to the antiemetic effect [29]. The 
daily dose of metoclopramide prescribed in this study (10 mg tid for two days) will not 
result in 5-HT3 antagonist activity. High doses of metoclopramide (e.g., 200 mg every 
4–6hr) cause unacceptable extrapyramidal symptoms in more than 30% of patients [30]. 
Lower doses (25–50 mg) are associated with a very low incidence (<1%) of dyskinetic or 
extrapyramidal symptoms (31). The U.S. Food and Drug Administration issued a black 
box warning for metoclopramide, given the high risk of developing tardive dyskinesia if 
metoclopramide use extends beyond 12 weeks [32]. However, this concern does not 
apply to the short-term course of metoclopramide in our study, in which only two patients 
suffered from grade 4 involuntary movements of the oral and facial musculature. These 
patients recovered without sequalae, when metoclopramide was stopped. 

This study also demonstrates that the control of delayed CINV – and nausea in particular 
– remains suboptimal with current prophylactic strategies in patients receiving MEC. 
Regardless of the use of multiple-day DEX, TC in the delayed phase could not be achieved 
in almost 50% of patients. Only a minority of patients reported no nausea in the delayed 
and overall phase, and more than one third of all patients needed rescue antiemetics in the 
delayed or overall phase. New drugs and new combinations of drugs may improve control 
of CINV in patients who are treated with MEC. A recent meta-analysis demonstrated 
a clear clinically significant benefit with the addition of a neurokinin-1 (NK1) receptor 
antagonist in carboplatin-based chemotherapy, but not for MEC regimens [33]. The 
atypical antipsychotic olanzapine, which acts on many different receptors, particularly the 
D2, 5-HT2c, and 5-HT3 receptors, has been established as a highly effective antiemetic for 
patients undergoing HEC or AC combinations [34, 35]. Results of the Korean South West 
Oncology Group (KSWOG) Study [36] showed that olanzapine in addition to palonosetron 
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and dexamethasone did not significantly improve CR rates during the acute, delayed, and 
overall phase among previously untreated patients receiving MEC, although a clear benefit 
of olanzapine was observed in the management of vomiting and quality of life. Because 
data on the efficacy of olanzapine are limited, more studies are needed to evaluate the 
efficacy of olanzapine against delayed CINV, and delayed nausea in particular, in patients 
treated with MEC. 

The present study has some limitations. First, 42 patients were eliminated from the full 
analysis set, because these subjects did not complete study assessments, despite planned 
telephone calls on day 2 by research personnel to ensure adherence to the study protocol. 
Complement of study assessments was essential to perform the efficacy and safety 
analyses in this study. Failure to include these subjects in the full analysis set may have 
reduced statistical power and efficiency of the study. However, after taking observed data 
into account, there were no systematic differences between participants with complete 
data as compared to those with missing data. Second, when this study was conducted, 
carboplatin was considered as a moderately emetogenic agent. Ultimately, 38 patients 
receiving carboplatin-based chemotherapy (evenly distributed across treatment groups) 
were included in the efficacy and safety analyses. Recently, carboplatin area under the 
curve (AUC) ≥4 mg/mL/minute has been reclassified as highly emetogenic chemotherapy 
[13, 14]. Consequently, these patients would no longer have been able to participate in 
this study, but should have received a three-drug antiemetic regimen including a NK1 
receptor antagonist according to updated antiemetic guidelines [13, 14]. Third, the 
modified FLIE questionnaire with a 5-day recall period was not only completed on day 
6 post-chemotherapy (in accordance with the validation study [24], but also on day 2 
post-chemotherapy in order to obtain additional data on the impact of acute CINV on 
the patients’ daily lives. It should be mentioned that the FLIE has not been validated for 
use on day 2, which may have affected the reliability of the questionnaire responses. 
Fourth, a large majority of patients were diagnosed with colorectal cancer (85.7%) and 
treated with oxaliplatin-based chemotherapy (81.5%). Therefore, the results of this 
study add information on the control of delayed CINV caused by oxaliplatin-based MEC 
in particular. It is difficult to generalize the results to other MEC regimens. A possible 
explanation for this overrepresentation of oxaliplatin is that only chemotherapy-naïve 
patients were eligible in the present study, and many MEC agents other than oxaliplatin 
(e.g. irinotecan, carboplatin AUC <4 mg/mL/minute, monotherapy doxorubicin or 
cyclophosphamide <1500 mg/m2) are rarely used as first-line chemotherapeutic agents. 
Fifth, the present study was designed to assess the control rates of delayed CINV after the 
first course of MEC. The noninferiority of DEX-sparing strategies after repeated MEC cycles 
should be determined in future studies. Finally, although baseline characteristics were 
similar between treatment groups, we did not perform subgroup analyses categorized 
by individual patient factors that are well known to contribute to emetic risk, such as 
younger age, female sex, history of morning sickness, anxiety, and expectations of nausea 
or vomiting [37, 38]. 
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Conclusions 
DEX-sparing strategies with palonestron or multiple-day metoclopramide 
are safe and noninferior to DEX beyond 24h in terms of delayed TC rate in 
patients undergoing (oxaliplatin-based ) MEC. Therefore, these regimens are 
an alternative to standard treatment with multiple-day DEX. In conclusion, our 
study shows that a DEX-sparing strategy incorporating palonestron or multiple-
day metoclopramide is safe and noninferior to DEX beyond 24h in terms of 
delayed TC rate in patients undergoing MEC, mainly consisting of oxaliplatin-
based chemotherapy. Therefore, these regimens might be an alternative to 
standard treatment with multiple-day DEX.
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Supplementary materials

Table S1. Treatment groups

DEX arm MCP arm PALO arm

OND DEX OND DEX MET PALO DEX

Day 1 8 mg IV 8 mg IV 8 mg IV 8 mg IV 0.25 mg IV 8 mg IV

Day 2 8 mg PO 30 mg PO

Day 3 8 mg PO 30 mg PO

OND, DEX and PALO were administered 30 min prior to chemotherapy on day 1. On days 2-3, DEX was administered 4 mg PO 
two times a day. On days 2-3, MET was administered 10 mg PO three times a day. 
Abbreviations: DEX, dexamethasone; IV, intravenously; MET, metoclopramide; OND, ondansetron; PALO, palonosetron; PO, orally

Table S2. Patient baseline and disease characteristics (intention-to-treat population). 

All patients
(n = 230) 

DEX arm 
(n = 77)

MCP arm 
(n = 79)

PAL arm
(n = 74)

Age (years)
  Median (range)  
   ≤55 years
   >55 years

66.0 (40-84)
33 (14.3)

197 (85.6)

64.0 (46-82)
11 (14.3)
66 (85.7)

67.0 (40-84)
14 (17.7)
65 (82.3)

67.5 (40-83))
8 (10.8)

66 (89.2)

Gender
  Male
  Female

128 (55.7)
102 (44.3)

42 (54.5)
35 (45.5)

44 (55.7)
35 (44.3)

42 (56.8)
32 (43.2)

Tumor type
  Colorectal
  Ovarian
  Lung
  Gastric
  Pancreatic
  Other

196
14
7
6
5
2

66
5
1
2
3
0

65
5
5
2
1
1

65
4
1
2
1
1

Chemotherapy
 Oxaliplatin-baseda

  Carboplatin-basedb

  Irinotecan -based
  Antracycline-basedc

  Other

188
21
14
6
1

64
6
5
2
0

62
10
5
2
0

62
5
4
2
1

Abbreviations: DEX, 3-day dexamethasone; MCP, metoclopramide; PAL, palonosetron
aOxaliplatin dose: 130 mg/m2 
bCarboplatin dose: area under the curve (AUC) ≥4 mg/mL/minute (reclassified as highly emetogenic) 
cEpirubicin dose: 50 mg/m2
All data are N (%) unless otherwise indicated.
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Abstract
Background: Delirium deteriorates the quality of life in patients with cancer, 
but is frequently underdiagnosed and not adequately treated. In this study, we 
evaluated the occurrence of delirium and its risk factors in patients admitted 
to the hospital for treatment or palliative care in order to develop a prediction 
model to identify patients at high risk for delirium. 

Methods: In a period of 1.5 years, we evaluated the risk of developing delirium 
in 574 consecutively admitted patients with cancer to our academic oncology 
department with the Delirium Observation Screening Scale. Risk factors 
for delirium were extracted from the patient’s chart. A delirium prediction 
algorithm was constructed using tree analysis, and validated with fivefold cross 
validation.

Results: 574 patients with cancer were acutely (42%) or electively (58%) admitted 
1733 times. The incidence rate of delirium was 3.5 per 100 admittances. Tree 
analysis revealed that the predisposing factors of an unscheduled admittance 
and a metabolic imbalance accurately predicted the development of delirium. 
In this group the incidence rate of delirium was 33 per 100 patients (1:3). The 
AUC of the model was .81, and .65 after five-fold cross-validation. 

Conclusions: We identified that especially patients undergoing an unscheduled 
admittance with a metabolic imbalance do have a clinically relevant high risk to 
develop a delirium. Based on these factors, we propose to evaluate preventive 
treatment of these patients when admitted to the hospital in order to improve 
their quality of life.

Keywords: cancer, delirium, epidemiology, medical oncology, prevention, risk 
factors
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Introduction
Delirium is a common problem in hospital care, especially for patients with cancer as 
well as elderly and frail patients [1]. It is a syndrome of brain dysfunction characterized 
by a disturbance in attention, awareness, and cognition, with a rapid onset that is caused 
by an underlying medical condition [2,3]. The occurrence of delirium depends on a 
combination of vulnerability (predisposing factors) and precipitating factors, that trigger 
the development of delirium [4]. Risk factors include aging, cognitive impairment and a 
history of delirium, and screening for delirium in patients at risk may be of help to reduce 
suffering from delirium [5-11].

Data on the incidence and prevalence of delirium in literature range from a five percent 
prevalence rate upon admission to a geriatric hospital ward [12] up to an incidence rate 
of 88 percent in patients dying from cancer [8]. This diversity in incidence and prevalence 
rates indicates that it is a serious problem for patients with cancer especially when 
terminally ill.

In recent publications it has been suggested that prophylactic treatment with anti-
psychotics should be considered to prevent delirium [13-17], but due to the varying 
incidence rates of delirium and the sometimes severe side-effects of these medicines 
(primarily haloperidol) [18] there is reluctance to apply preventive treatment to all patients
with cancer admitted to the hospital. 

It would be of clinical significance if one could determine which patients are likely to develop 
delirium at admission in order to select patients who might benefit from prophylactic 
treatment.       

In this study, the primary aim was to evaluate the occurrence of delirium and its risk 
factors in patients with cancer admitted to the hospital for treatment or palliative care in 
order to develop a prediction model to identify patients at high risk for delirium. 

Methods
This retrospective study was conducted in all patients with solid malignancies admitted to 
our medical oncology ward of the VUmc Cancer Center Amsterdam (CCA), VU University 
Medical Center, between Jan 1st 2011 and June 30th 2012. For each patient the following 
data were collected from medical charts: baseline characteristics, presence of delirium and 
its risk factors throughout the entire admission. The study was conducted in accordance 
with the ethical standards of the responsible committee on human experimentation 
(institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000. 
Because of the retrospective character of this study no additional informed consent could 
be obtained and a waiver was obtained from the medical ethical committee. 
Screening for delirium was performed twice a week during three consecutive nursing 
shifts according to standard hospital procedures using the Delirium Observation Screening 
Scale (DOSS) [12]. The DOSS is a validated 13-item nurse rated screening instrument for 
delirium that is commonly used in Dutch hospitals. Scores range from 0 to 13 points, with 
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≥ 3 as a cut-off for delirium. It has sensitivity and specificity rates of 92 and 82 percent, 
respectively [19]. Delirium was recorded as present if the diagnosis was noted in the 
patient chart, or if the patient had a DOSS score ≥ 3 without a rejection of the delirium 
diagnosis written down in the chart. 
The following risk factors were assessed: Age >70 years, alcohol or drug abuse, hearing, 
visual and/or cognitive impairment, history of delirium, high doses of opioids (>90 mg 
of oral morphine or equivalent), corticosteroids (>15mg dexamethasone or equivalent) 
and/or sedatives (>2 mg lorazepam or equivalent), infections, postoperative state (until 
discharge of major surgery), constipation (note of constipation or note of delayed stool 
production for >48 hours), urinary retention, tumor burden and location, organ failure 
and metabolic disturbances [4-10]. In detail these risk factors are depicted in Table 1. To 
avoid dependence the first admission with or without delirium for each patient was used 
for comparisons. 

Table 1. Predisposing and precipitating factors for delirium

Predisposing factors

Age > 70 years

Alcohol or drug abuse

Hearing impairment

Visual impairment

History of delirium

Cognitive impairment

Precipitating factors

Group Factor Cut-off

High doses of psychotropic 
medication

Opioids >90 mg morphine per day or equivalent

Corticosteroids >15 mg dexamethasone per day or equivalent

Sedatives >2 mg lorazepam per day or equivalent

Withdrawal Alcohol

Sedatives

Other

Infection Fever >38.5 °C

Sepsis

Urinary tract infection

Pulmonary tract infection

Other infections

Postoperative state

Constipation

Urinary retention
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Table 1. Predisposing and precipitating factors for delirium (continued)

Precipitating factors

Group Factor Cut-off

Intracranial neoplasm Primary tumor

Metastasis

Carcinomatous meningitis

Organ failure Pulmonary failure O2 sat <88% or  
PO2 <55 mm Hg

Renal insufficiency creatinine >312 mmol/liter (3xULN) or  
creatinine >3 x baseline

Liver failure Bilirubin >60 mmol/liter (3x ULN) and/or
ASAT >150 U/liter (5x ULN) and/or
ALAT >200 U/liter (5x ULN)

Cardiac failure Requiring (prolonged) hospitalization

Metabolic disturbance Calcium (corrected for 
albumin level)

<1.75 mmol/liter
>3.1 mmol/liter

Sodium <130 mmol/liter
>155 mmol/liter

Potassium <3.0 mmol/liter
>6.0 mmol/liter

Glucose <2.2 mmol/liter
>13.9 mmol/liter

Albumin <20 g/liter

Development of a delirium prediction algorithm
Based on the predisposing factors and the grouped variables for the precipitating factors 
a prediction algorithm was developed. For the development of this prediction algorithm, 
the groups were defined irrespective of the prevalence rates of the individual factors 
to limit the number of factors included (see Table 1). Grouped variables were defined 
positive if any of the factors in this group was present. Eastern Co-operative Oncology 
Group (ECOG) performance status (0-2 vs. 3-4), palliative or curative treatment intention, 
and whether or not an admission was scheduled, were also included in the prediction 
algorithm. For prediction models, it is recommended that the number of events should 
ideally be 10-fold higher than the number of variables included in the model [20]. 
Therefore, we enriched the database with 46 extra delirium cases that were consecutively 
diagnosed with DOSS screening between July 2012 and September 2013 (Table 2). These 
baseline characteristics of these cases did not significantly differ from the patients with 
delirium in the original dataset. The enriched database is suitable for the calculation of 
odds ratios and the identification of predictors, but not for the calculation of absolute 
risks [21]. The absolute risks were calculated from the original database. 
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Table 2. Patients included in prediction algorithm. 

Delirium
n =

No delirium
n =

Total
n =

Study period 52 522 574

Extra delirium cases1 46 - 46

Total 98 522 620

1For adequate power in the development of the delirium prediction algorithm, data on the predisposing and precipitating factors 
of 46 patients who developed delirium between July 2012 and September 2013 were added to the original dataset. These data 
were only used for the development of this algorithm. Absolute risks at delirium reported in the article were calculated with 
the original dataset. 

Statistical analysis 
Statistical evaluation of differences between non-delirious and delirious patients was 
performed with a χ2-test, the Fisher exact test, or the students t-test, whenever appropriate. 
Because of the multiple comparisons an adjusted P-value of .01 was considered statistically 
significant. To create a delirium risk prediction algorithm that can be easily implemented in 
the clinic we used a tree analysis method.22 All predisposing and the grouped precipitating 
factors for delirium were used in this tree analysis, irrespective of the χ2-test and students 
t-test results, to predict the risk of developing delirium in subgroups of patients. The number 
of splits in the tree was chosen in order to minimize the cross-validated prediction error. 
Five-fold cross-validation was used for validation of the algorithm. For both the original 
and the cross-validated model the area-under-the-curve (AUC) was calculated. Data were 
collected in the web-based database system OpenClinica version 3.1.2. Statistical tests 
were performed with SPSS version 20.0. The prediction algorithm was constructed with 
the software package R program Rpart (version 3.1). 
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Results
A total of 574 individual patients were admitted 1733 times during the study period 
(mean 2.95 admittances per patient, ranging from one to 22 admissions per patient). Sixty 
delirium episodes were recorded for 52 individual patients, which resulted in a delirium 
incidence rate of 3.5 per 100 admittances. Nine percent of all patients admitted in this 
period developed delirium. 

Patient characteristics
Of all 1733 admittances, 1003 admittances (57.9%) were scheduled. The mean age of 
admitted patients was 60 years (SD 13.1) and 60 percent of the patients were male. 
Compared with patients who did not develop delirium, patients who developed delirium 
were significantly older (mean age of 59 versus 67 years respectively (p< .001)), had a 
worse ECOG performance status at admittance and more often received treatment with 
palliative intention or palliative care only. Ninety-four percent of the patients who developed 
delirium had an unscheduled admittance, compared to 49 percent of the patients who did 
not develop delirium (p< .001). In ten of the 730 unscheduled admittances the indication 
for the admittance was suspected delirium (n = 2), confusion (n = 5), or drowsiness (n = 
3). Seven of these patients were diagnosed with delirium in the hospital. Patients with 
delirium stayed longer in the hospital, and the outcome was worse. In Table 3, these data 
are shown in detail. 
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Table 3. Patient characteristics. 

Total 
n=1733 %

Total first 
admittance

n=574
%

Age Mean (SD) 57.2 (14.2) 60.0 (13.1)

Sex M : F 1076:657 62:38 345:229 60:40

Tumour type Gastro-intestinal 645 37 196 34

Genito-urethral 369 21 129 22

Skin 50 3 34 6

Lung 2 0 2 0

Head & Neck 369 21 108 19

Brain 8 1 6 1

Sarcoma 120 7 20 4

Breast 97 6 53 9

Other 73 4 26 5

ECOG 
performance 
status

0 223 13 96 17

1 964 56 262 46

2 385 22 146 25

3 132 8 56 10

4 29 2 14 2

Length of stay Days (Median (IQR)) 3 (2-6) 4 (2-7)

Outcome Alive 1692 98 549 96

Deceased 41 2 25 4

Treatment 
intention

Curative 626 36 174 30

Palliative 1107 64 400 70

Indication for 
admittance

Scheduled admittance 1003 58 270 47

Chemotherapy 885 51 209 36

Diagnostic procedures 68 4 40 7

Intervention 50 3 21 4

Unscheduled admittance 730 42 304 53

Clinical symptoms 535 31 251 44

Complication 195 11 53 9

Delirium Type Hyperactive

Hypo-active

Mixed

Unknown2

1P-values of the comparison between the patients with delirium and the patients without delirium
2Delirium type could not be determined from the information in the patient chart
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No delirium
n=522 % Delirium

n=52 % P=1 OR 95%-CI of OR

59.3 (13.3) 68 (8) <.001

313:209 60:40 32:20 62:39 .83 1.068 .595-1.919

179 34 17 33

119 23 10 19

25 5 9 27

2 0 0 0

100 19 8 15

4 1 2 4

20 4 0 0

48 9 5 10

25 5 1 2 .009

96 18 0 0

252 48 10 19

127 24 19 37

40 8 16 31

7 1 7 14 <.001

4 (2-7) 10 (5-16) <.001

508 97 41 79

14 3 11 21 <.001 9.735 4.155-22.809

166 32 8 15

356 68 44 85 .01 2.067 1.079-3.958

267 51 3 6

208 40 1 2

39 7 1 2

20 4 1 2

255 49 49 94 <.001 17.102 5.264-55.560

209 40 42 81

46 9 7 14

11 21

20 39

18 35

3 6
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Unscheduled admittance 

Delirium risk 16 % (49/304) 

Scheduled admittance 

Delirium risk 1 % (3/270) 

Admission to the medical oncology 
ward 

 
Delirium risk 9 % (52/574) 

Curative treatment 

Delirium risk 60 % (3/5) 

Palliative treatment 

Delirium risk 18 % (9/49) 

*Any of the following: 
Calcium 
Sodium 
Potassiu
m Glucose 
Albumin 

<1.75 or >3.10 mmol/l (corrected for albumin) 
<130 or >155 mmol/l 
<3.0   or >6.0 mmol/l 
<2.2 or >13.9 mmol/l 
<20 g/l 

WHO 3‐4 
 

Delirium risk 54 % (14/26) 

WHO 0‐2 
 

Delirium risk 22 % (12/54) 

Metabolic imbalance* 

Delirium risk 33 % (26/80) 

No metabolic imbalance 

Delirium risk 10 % (23/224) 
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Delirium prediction algorithm
To determine the most relevant factors for the risk at delirium, a prediction algorithm by 
using tree analysis was developed using the enriched database. The optimum number of 
splits, with the lowest cross-validated prediction error, was four. 

The absolute risks in the decision tree, obtained by projecting the algorithm to the 
original, non-enriched dataset, are depicted in Figure 1. A patient admitted to the hospital 
ward has a risk of 9 percent to develop delirium (95%-CI: 6.8-11.7%). The first factor that 
made a major distinction between a low risk at delirium (1.1% in the original dataset, 
95%-CI: 0.2-3.2%) and an intermediate risk at delirium (16% in the original dataset, 95%-
CI: 12-21%) was whether or not an admission was scheduled. Due to the very low risk at 
delirium (1:100), it was deemed unnecessary to make any further distinctions within the 
group with a scheduled admittance. In the group with an 

Figure 1. 

Delirium risk is defined by the combination of factors mentioned in the boxes, starting with a baseline risk of 9% when a patient 
is admitted to the medical oncology ward. The * refers to the square in the corner of the figure where the metabolic imbalances 
are defined
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emergency admission, a further distinction could be made between patients that did or 
did not have metabolic imbalances. These patients had a delirium risk of 10 and 32.5 
percent, respectively (95%-CI: 6-15%, resp. 22-44%). In the group with an unscheduled 
admittance combined with a metabolic imbalance (delirium risk 1:3), 

Figure 2. ROC curve of the prediction model for delirium. 

These curves show the sensitivity and specificity of the different cut-off points in the algorithm. AUC of the original model (blue 
line) is 0.81 and 0.65 for the cross-validated model (green line). 

ECOG performance status 0-2 vs. ≥3, and curative vs. palliative treatment intention were 
further splits. The AUC of this algorithm was .81 (Figure 2 upper line). We evaluated 
predictive validity of the algorithm by five-fold cross-validation. This provided a lower 
estimate for the AUC of .65 (Figure 2 lower line), as the original algorithm estimates do 
not correct for uncertainty in the selection of predisposing and/or precipitating factors. 
The sum of the sensitivity and specificity was maximal at a cut-off with a high specificity 
of 85%, and a lower sensitivity of approximately 40% in the cross-validated algorithm. This 
cut-off allows for identification of a subgroup of patients with a high risk at delirium. In the 
algorithm, the cut-off is the distinction between patients with an unscheduled admittance 
with or without metabolic imbalances. 
We evaluated whether the factors found in this algorithm were also predictive for different 
admissions of the same patient by comparing the prevalence of unscheduled admittances 
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and metabolic imbalances within patients who had both an admittance with delirium 
and an admittance without delirium (27/52 patients with delirium). Admittances with 
delirium were significantly more often unscheduled than admittances without delirium 
(25/27 vs. 10/27, p<.001). Metabolic imbalances were also more prevalent in the delirium 
admittance than in the admittance without delirium, but this difference was not statistically 
significant (12/27 vs. 6/27, p= .08). During the admittance with delirium, patients had a 
higher chance to be in the high-risk group according to the prediction algorithm (with the 
combination of an unscheduled admittance and metabolic imbalances), than during the 
admittance without delirium (12/27 resp. 4/27, p= .02). 

Discussion 
In this study, medical data from 574 patients during 1733 admittances were evaluated 
to determine the occurrence of delirium and its risk factors in patients admitted to the 
hospital for treatment or palliative care. We found a delirium incidence rate of 3.5 per 
100 admittances and determined that nine percent of all patients admitted in this period 
developed delirium. The most frequent predisposing factors in this group of patients 
were age >70 and alcohol/drug abuse, while the most frequent precipitating factors 
were high doses of psychotropic medication, infection, constipation, and metabolic 
imbalance. 

Because of the large number of patients that were evaluated, it was possible to use both 
predisposing and precipitating factors to develop an algorithm that may be used in daily 
practice to identify patients with a high risk to develop a delirium. The incidence rate of 
3.5 percent per admittance in this evaluation is lower than the 16-18 percent reported on 
similar hospital wards [6, 9]. A reason for the low incidence of delirium on this ward could 
be that half of the admittances were scheduled for patients to receive chemotherapy or 
undergo other interventions, as these patients have a low risk at delirium. In the study 
by Ljubisavljevic and Kelly [9], these patients were not included, and it is likely that the 
proportion of scheduled admittances in the study by Gaudreau et al [6] was also smaller. 
When all scheduled admissions are excluded from our dataset, the incidence rate of 
delirium goes up to 7.8 percent (57/730), which is still lower than in the aforementioned 
studies. Another important reason that might explain this low incidence rate could be that 
the mean age of the patients admitted to this ward was 60 years (only 21% of the patients 
were aged ≥70 years) and even the elderly patients had a good cognitive performance 
status, as only 2.1 percent of all patients had a cognitive impairment.   

The selected predisposing and precipitating factors were previously defined for their 
significant relationship with delirium, but this relationship was not confirmed for all of 
these factors in this study. This is most likely due to the low prevalence rates of these 
risk factors. In other studies logistic regression analysis to determine the influence of 
an individual factor on a patients risk at delirium have been used [8, 23]. Although the 
results of these analyses indicate that a patient in whom a certain factor is present has 
a relatively higher risk at delirium, it does not provide the clinician with a clinical tool 
to clearly define the absolute risk that a specific patient has to develop delirium. Also, 
the effect of a combination of multiple predisposing and/or precipitating factors in the 
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same patient is often not clear. Therefore, a prediction algorithm could be of significant 
clinical value to provide this information. Martinez et al [24] developed a prediction rule 
for patients admitted to the internal medicine ward. This prediction rule could not be 
applied to our medical oncology ward as the prevalence of some of the components of 
the prediction rule was too low (e.g. age > 85 years). 

We developed an alternative algorithm in which patients with high risk for delirium are 
rapidly identified based on an emergency admittance combined with metabolic imbalances 
(delirium risk 1:3) (see Figure 1). These factors are usually available upon admission of 
a patients with cancer and therefore this algorithm can be easily implemented in daily 
clinical practice. We here propose that based on this algorithm patients could be selected 
for preventive treatment for delirium [12-16]. We do realize that our study has some 
limitations such as that it is a retrospective evaluation, the number of patients are rather 
limited to evaluate a high number (> 10) of predisposing factors for delirium, and although 
it concerns only patients with cancer, tumor diagnosis is heterogeneous. On the other 
hand, the strength of this study is that no selection has been made for patients with cancer 
acutely admitted to the hospital and that the algorithm to determine the risk at a delirium 
can be easily implemented in daily practice.  

In future studies, preventive treatment for delirium should be evaluated for its influence 
on the quality of life of patients, while taking in account the added risk of treatment 
induced toxicity of such a treatment strategy. In addition, as previously advocated by 
others, we also highly recommend screening of acutely admitted patients for delirium 
[25]. The specificity for the cut-off in our algorithm is high (85%), but the sensitivity is only 
40 percent. This means that 60 percent of the delirium cases would be missed when only 
attention is being focused at patients in the high-risk group. Therefore, while preventive 
treatment of patients identified by our algorithm with a high risk of delirium needs further 
evaluation, also screening for delirium symptoms in the other patients with an emergency 
admission should be considered.

Conclusions 
Delirium is a serious problem for patients with cancer admitted to the hospital. 
Especially patients undergoing an unscheduled admittance with a metabolic 
imbalance have a clinically relevant high risk to develop a delirium. Preventive 
delirium treatment should be evaluated for this patient group.
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Abstract
Background: The Delirium Observation Screening Scale (DOS) was developed 
to facilitate early recognition of delirium by nurses during routine clinical care. 
It has shown good validity in a variety of patient populations, but has not yet 
been validated in hospitalized patients with advanced cancer, although the DOS 
is commonly used in this setting in daily practice. The aim of this study was 
to evaluate the accuracy of DOS in hospitalized patients with advanced cancer 
using the revised version of the Delirium Rating Scale Revised 98 (DRS-R-98) as 
the gold standard.

Methods: Patients with advanced cancer admitted to the medical oncology 
ward were screened for delirium with the DOS and DRS-R-98. Sensitivity, 
specificity, negative predictive value (NPV) and positive predictive value (PPV) 
of the DOS were calculated, using a DOS score ≥3 as a cut-off for delirium. 

Results: 95 DOS negative and 98 DOS positive patients were identified. 
Sensitivity of the DOS, was >99.9% (95%-CI: 95.8-100.0%), specificity was 99.5% 
(95%-CI 95.5-99.96%), positive predictive value (PPV) was 94.6% (95% CI 88.0-
97.7), and negative predictive value (NPV) was >99.9% (95% CI 96.1-100.0). 

Conclusions: The DOS is an accurate screening tool for delirium in patients 
with advanced cancer. Since it has the benefit of being easily implicated in 
daily practice, we recommend to educate caregivers to screen patients with 
advanced cancer by DOS analysis. By early recognition and adequate treatment 
of this distressing delirium syndrome the quality of life of patients with advanced 
cancer can be improved.

Keywords: Delirium, diagnosis, neoplasms, palliative care, validation studies
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Background
Delirium is the most common neuropsychiatric complication in patients with advanced 
cancer especially during hospitalization, with incidence rates ranging from 16% to 85%, 
depending on the stage of disease [1-7]. In a previous study from our group we found a 
higher number of patients with skin cancer and brain cancer in the group of patients with 
delirium compared to the patients without delirium [8]. Other studies showed conflicting 
results [9, 10]. Therefore, there is no compelling evidence that delirium is more prevalent 
in certain cancer types. Because attention and awareness deficits impede the ability to 
communicate and participate in treatment decisions and symptom assessment, delirium 
has a negative influence on quality of life in a crucial phase at the end of life [1]. The 
presentation of delirium is quite variable among patients, and even within a given patient 
because of its waxing and waning course [11]. This hampers recognition and adequate 
treatment of delirium [1]. Therefore it is recommended to screen for delirium in patients 
with (advanced) cancer admitted to the hospital [1, 11]. The diagnosis delirium should be 
made according to the DSM-criteria for delirium. Currently, version 5 is the most recent, 
but most screening and diagnostic instruments are based on the DSM-IV [12]. Efforts are 
being made to validate these instruments with the DSM 5 criteria [13, 14].  

Available screening instruments which have been designed to be used by health care 
professionals for evaluating patients for possible delirium symptoms include: CAM 
[15], NEECHAM Confusion Scale [16], DOSS/DOS [17, 18]. Nu-DESC [5], ICDSC [19], and 
PAED scale [20]. Some of these instruments have been designed to be used in a specific 
treatment setting like the ICU, whereas others focus on specific age groups, like children 
and adolescents. There is no specific screening instrument for delirium in patients with 
advanced cancer. A comparison between various features of the available screening 
and diagnostic instruments for delirium in adults was made by Grover and Kate in 2012 
[12].  

Delirium screening should be preferably performed by nurses because they have frequent 
contact with the patient throughout the day, and could therefore easily observe changes 
in the patient’s attention and awareness over time, which is one of the main criteria 
for delirium according to the DSM 5 criteria [21]. The Delirium Observation Scale (DOS) 
appears to be the most suitable nurse-rated screening instrument for patients in general 
medical and surgical wards with a strong foundation in the DSM-IV criteria and good 
psychometric properties [3, 22]. It can be assessed by nurses without specific training, 
and is experienced as user-friendly. A previous, small study by Detroyer et al [23] suggests 
good sensitivity and specificity of the DOS in a palliative care population. The aim of 
our study is to evaluate the diagnostic accuracy of the DOS as screening instrument for 
hospitalized patients diagnosed with advanced cancer. 



578002-L-sub01-bw-vdVorst578002-L-sub01-bw-vdVorst578002-L-sub01-bw-vdVorst578002-L-sub01-bw-vdVorst
Processed on: 9-6-2022Processed on: 9-6-2022Processed on: 9-6-2022Processed on: 9-6-2022 PDF page: 112PDF page: 112PDF page: 112PDF page: 112

112

PART THREE | DELIRIUM

Methods 
Patients
Hospitalized patients with advanced cancer admitted to the medical oncology ward of 
six sites (1 university cancer center, 3 teaching hospitals, 2 high-care hospices) in the 
Netherlands were recruited between January 2011 through December 2015. Patients 
and/or their legal representatives were asked for informed consent to participate in this 
diagnostic study, as part of a randomized controlled trial (RCT), which compared the 
efficacy of haloperidol to olanzapine in case the patient was diagnosed with delirium 
(ClinicalTrials.gov identifier NCT01539733). The study was conducted according to Good 
Clinical Practice guidelines, the Declaration of Helsinki and local laws, and was approved 
by the institutional review boards of each participating study site.   

Patients with any type of cancer in an advanced stage, of 18 years and older who were 
fluent in the Dutch language were considered eligible. Patients with pre-existing cognitive 
impairment (such as Alzheimer’s disease), or psychiatric comorbidity that might hamper 
delirium diagnosis (e.g. schizophrenia) were excluded from this study. Also, patients 
using antipsychotic or neuroleptic medication for other reasons than neuropathic 
pain management were excluded. Additional exclusion criteria were based on contra-
indications for the use of haloperidol or olanzapine, like high risk at alcohol withdrawal 
delirium, glaucoma, Parkinson’s disease, QTc-interval prolongation >500msec at baseline 
ECG, a history of malignant neuroleptic syndrome and concomitant treatment with anti-
convulsive drugs. 

Study Assessments
Patients who were included in the trial were screened for delirium by their nurse using 
the DOS at the moment of admittance, and subsequently three times a day, biweekly 
during their stay in the hospital. Each DOS positive patient (DOS ≥ 3) was randomly 
matched with a DOS negative patient (DOS < 3) to evaluate the accuracy of the DOS. DOS 
positive patients and the randomly matched DOS negative patients were assessed with 
the Delirium Rating Scale-R-98 (DRS-R-98) by a trained independent assessor, who was 
blinded with regard to the DOS score of a patient. To prevent duplication bias patients 
were excluded from the DOS negative group if they were included in the randomised 
treatment part of the study during a later admission. 

DOS
The original version, the Delirium Observational Screening Scale (DOSS), consisted of a 25-
item scale based on the DSM-IV criteria for delirium [17]. The scale was designed to capture 
early symptoms of delirium that nurses could observe during regular care. The scale was 
subsequently reduced to 13 observations, and is known as the Delirium Observation Scale 
(DOS) [18]. Each item can be rated as normal (score, 0) or abnormal (score, 1). A total 
score of 3 or more points indicates delirium. Completion of the instrument requires less 
than 5 minutes. A small descriptive study evaluated the DOS in patients admitted to a 
palliative care unit [23]. The DOS was compared to the CAM and the Delirium Index and 
showed good psychometric properties. Moreover, it was experienced as user-friendly by 
the bedside nurses. Internal consistency, predictive validity, and concurrent and construct 
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validity of the DOS were tested in two prospective studies in high risk groups: geriatric 
medicine patients and elderly hip fracture patients [18]. The DOS has high internal 
consistency (0.96) and high content validity (α = 0.93). In these study groups the DOS 
scale had a sensitivity of 89-100% and a specificity of 68-88%. The positive predictive 
value was 47%, the negative predictive value was almost 100%. The DOS was also able to 
measure severity of delirium in geriatric patients [24]. Moreover, the DOS proved to be a 
good instrument to facilitate early recognition of delirium in patients who undergo cardiac 
surgery: the sensitivity and specificity of the DOS was 100% and 96.6% respectively [25].

DRS-R-98
The DRS-R-98 is a revised version of the Delirium Rating Scale [26, 27]. The DRS-R-98 
consists of 13 severity items that are scored from 0 (not present) to 3 points (severely 
present), and three diagnostic items, all of which are rated over the past 24 hours. 
Severity scores range from 0 to 39, and total scores range from 0 to 46. The DRS-R-98 
is designed to be completed by a trained professional and takes about 10 to 15 minutes 
to complete [27]. The DRS-R-98 has a high internal consistency (0.90) and when using 
a cut-off of 17.75 points on the total scale a sensitivity of 92% and specificity of 95% 
[27]. Inter-rater-consistency was high in the validation study by Trzepacz et al (0.99) 
[27]. The DRS-R-98 severity scale has the great benefit that it can be used for repeated 
measurements to assess the response to delirium treatment [27]. Recently, the DRS-R-98 
has been validated for the new DSM-5 criteria [28]. The DRS-R-98 was chosen as the gold 
standard to evaluate the accuracy of the DOS because of its good psychometric qualities, 
because it has been validated in a palliative care setting, and is available in the Dutch 
language (the first language of the included patients and the researchers in this study 
group) [27]. 

Statistics
A sample size calculation was conducted to determine an 80% power in demonstrating 
that the DOS has a sensitivity of at least 90%. A sample of 100 patients per group (DOS 
positive vs. DOS negative) was needed when the sensitivity of the DOS was assumed to 
be 95% [18, 25]. 

Primary endpoints to assess the accuracy of the DOS are the sensitivity and specificity of the 
DOS score compared with the DRS-R-98 as the gold standard. Sensitivity, specificity, negative 
and positive predictive value are reported with 95% confidence intervals, calculated with 
the Wilson method [29]. Analyses will be corrected for partial verification, because only 
a proportion of DOS negative patients admitted to the study sites were included in this 
study. For the baseline characteristics standard descriptive statistics were used. Statistical 
analyses were performed with IBM SPSS version 22.0 (IBM, Armonk, NY, USA).

Results
Between January 2010 and January 2016, 100 consecutive DOS negative and 95 DOS 
positive patients were included in the study. One DOS positive patient withdrew consent 
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for participating in the study while recovering from delirium. Four DOS negative patients 
were included in the DOS positive group during a later hospital admission. These patients 
were excluded from the DOS negative group during the analyses. For one patient in each 
group all data were missing, leading to a total of 94 DOS negative and 93 DOS positive 
patients (Figure 1). The demographic and clinical characteristics are described in Table 1. 
The mean (SD) age was 68 (11) in the DOS positive group and 60 (13) in the DOS negative 
group (p< 0.001). Other characteristics obtained at baseline were not significantly different 
between the groups. None of the patients in the DOS negative group were diagnosed 
with delirium. Eighty-eight of the patients in the DOS positive group were diagnosed with 
delirium, see Table 2. The sensitivity and specificity of the DOS were > 99.9% (95%CI: 
95.8-100.0%) and 99.6% (95%CI: 95.5-100.0%) respectively, the NPV was 94.6 (95%CI: 
88.0-97.7%), and the PPV was >99.9% (95%CI: 96.1-100.0%), see Table 3. 

Figure 1. Study flow chart.

Abbreviations: DOS, delirium observation scale; DRS-R-98, Delirium Rating Scale Revised 98
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Table 1. Baseline characteristics. 

DOS negative
N=94 (SD or %)

DOS positive
N=93 (SD or %)

p

Age 60 (12.9) 68 (11.1) <.001

Gender Male 58 (62%) 66 (71%)

Female 36 (38%) 27 (29%) .180

Tumor type Gastro-intestinal 40 (43%) 28 (30%)

Breast 6 (6%) 6 (7%)

Genito-urethral 23 (25%) 29 (32%)

Skin 4 (4%) 8 (9%)

Lung 0 3 (3%)

Head&neck 5 (5%) 2 (2%)

Brain 0 2 (2%)

Sarcoma 4 (4%) 1 (1%)

Hematological 1 (1%) 9 (10%)

Other 11 (12%) 5 (5%) .484

Brain metastasis No 89 (95%) 87 (94%)

Yes 5 (5%) 6 (6%) .767

Abbreviations: DOS, Delirium Observational Scale; SD, standard deviation  
No statistically significant differences were found except for age; DOS positive patients, who screened positive for delirium 
with a score ≥ 3 on this scale, tended to be older than DOS negative patients. 

Table 2. DOS vs. DRS-R-98. Distribution of the results of the DOS and DRS-R-98 scores. 

DRS-R-98 no delirium 
(<17.75)

DRS-R-98 delirium  
(≥17.75)

Total

DOS no delirium (<3) 94 0 94

DOS delirium (≥3) 5 88 93

Total 99 88

 Abbreviations: DOS, Delirium Observational Scale; DRS-R-98, Delirium Rating Scale Revised 98
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Table 3. Accuracy of the DOS. 

Accuracy of the DOS Wilson Score 95% CI 
lower limit

Wilson Score 95% CI 
upper limit

Sensitivity 1 0.958184 1.000004

Specificity 0.995997 0.955293 0.99966

PPV 0.946237 0.880258 0.976826

NPV 1 0.960748 1.000004

Abbreviations: CI, confidence interval; DOS, Delirium Observational Scale; NPV, negative predictive value; PPV, positive predictive 
value

The median DOS score of the DOS positive patients was 4.0 (IQR 4.0-6.0). Higher DOS 
scores correlated with higher DRS-R-98 total scores, see Table 4. 

Table 4. DRS-R-98 scores in DOS positive patients. 

DOS score N = DRS-R-98 total score 
median

DRS-R-98 total score
IQR

3-4a 50 22.3 19.0-24.1

>4-6b 23 23.5 21.5-26.0

>6c 20 26.0 21.8-27.4

Abbreviations: CI, confidence interval; DOS, Delirium Observational Scale; DRS-R-98, Delirium Rating Scale Revised 98 
Distribution of the DRS-R-98 scores in patients screened positive for delirium with the DOS. When comparing the absolute DOS 
score to the DRS-R-98 total score a linear association was found; B = 0.677, 95% CI .229-1.126, p = .004. a1st and 2nd quartile; 
b3rd quartile; c4th quartile. 

Four of the five patients with a DOS of 3 or higher who were not confirmed to be delirious 
by the DRS-R-98 score (score <17.75), had DRS-R-98 total scores >12 points. The latter 
cut-off has been used as a more inclusive cut-off for delirium in some studies [30, 31]. One 
patient scored being delirious on the DOS but only scored three points on the DRS-R-98. 
We speculate that he/she may have displayed only temporarily signs of delirium which 
had resolved by the time the DRS-R-98 was conducted. 

Discussion
To our knowledge this is the first study to evaluate the accuracy of the DOS in a large group 
of patients with advanced cancer. Our data showed that the DOS is a very sensitive and 
specific instrument to screen for delirium in hospitalized patients with advanced cancer. 
It might also give an impression of the delirium severity. Compared to other screening 
instruments, such as the CAM [15], NEECHAM Confusion Scale [16], and the Nu-DESC [5], 
the DOS has shown better sensitivity and specificity. It has the benefits that it is quick to 
administer, and does not require training [12].
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Strengths of the study are that we were able to include a large group of patients, and that 
the DRS-R-98 assessment was performed by an independent assessor who was blinded 
to the DOS score of the patient. Also, the nursing staff was already used to complete the 
DOS scale during routine care, so we did not need a run-in or training period for the study. 
In addition, during the conduct of the study the nurses gave very positive spontaneous 
feedback on the effort it took to complete this questionnaire.    
There are several limitations to this study. First, the observed incidence of delirium at the 
study sites was low [8]. Therefore, it was necessary to adjust the results for non-verification. 
Even after this adjustment, we have convincing results that the DOS is an accurate screening 
instrument for delirium screening in patients with advanced cancer. Second, while other 
baseline characteristics were evenly distributed over the DOS positive and DOS negative 
patients, patients who were DOS negative were younger than the DOS positive patients. 
This is concordant with the fact that advanced age is one of the known risk factors for the 
development of delirium [2]. Using age-matched comparators would however hamper the 
applicability of this study to the whole population of hospitalized patients with advanced 
cancer. 

For this study we used a DRS-R-98 score of >17.75 as a cut-off for delirium. The patients 
who screened positive for delirium with the DOS scale but not with the DRS-R-98, had 
(except for one) DRS-R-98 scores >12, which has been classified as subsyndromal delirium 
in previous studies [30, 31]. One might argue that it might be beneficial for these patients 
as well to be treated for their symptoms. 

Conclusions
The DOS is an accurate instrument for detection of delirium in a population of 
hospitalized patients with advanced cancer. The DOS can be completed by nurses 
based on the observations made during regular nursing care, which makes 
it easily applicable as a screening tool for delirium in patients with advanced 
cancer. By early recognition and adequate treatment of this distressing delirium 
syndrome the quality of life of patients with advanced cancer can be improved. 
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Abstract
Background: Treatment of delirium often includes haloperidol. Second-
generation antipsychotics like olanzapine have emerged as an alternative with 
possibly fewer side effects. The aim of this multicenter, phase III, randomized 
clinical trial (RCT) was to compare the efficacy and tolerability of olanzapine to 
haloperidol for the treatment of delirium in hospitalized patients with advanced 
cancer.

Patients and methods: Eligible adult patients (≥18 years) with advanced cancer 
and delirium (Delirium Rating Scale-Revised-98 (DRS-R-98) total score ≥17.75) 
were randomized 1 : 1 to receive either haloperidol or olanzapine (age-adjusted, 
titratable doses). Primary endpoint was delirium response rate (DRR), defined 
as number of patients with DRS-R-98 severity score <15.25 and ≥4.5 points 
reduction. Secondary endpoints included time to recovery (TTR), tolerability, 
delirium-related distress. 

Results: Between January 2011 and June 2016, 98 patients were included in 
the intention-to-treat analysis (ITT). DRR was 45% [95% confidence interval (CI): 
31-59] for olanzapine and 57% (95% CI: 43-71) for haloperidol [Δ DRR -12%; 
odds ratio (OR): 0.61; 95% CI: 0.2-1.4; p = 0.23). Mean TTR was 4.5 days (95% 
CI: 3.2-5.9 days) for olanzapine, and 2.8 days (95% CI: 1.9-3.7 days; p = 0.18) for 
haloperidol. Grade ≥3 treatment-related adverse events (TRAEs) occurred in 5 
patients (10.2%), and in 10 patients (20.4%) in the olanzapine and haloperidol 
arm, respectively. Distress rates were similar in both groups. The study was 
terminated early because of futility.

Conclusions: Delirium treatment with olanzapine in hospitalized patients with 
advanced cancer did not result in improvement of DRR or TTR compared to 
haloperidol. 

Key words: delirium, advanced cancer, haloperidol, olanzapine, efficacy, 
safety, phase III 
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Introduction
Delirium is a common, complex neuropsychiatric disorder with a high prevalence among 
hospitalized patients with advanced cancer [1, 2]. This medical condition is characterized 
by changes in attention, awareness and cognition, which develop over a short period of 
time, and tend to fluctuate in severity during the course of a day [3]. Delirium is associated 
with high morbidity and also increased mortality [4, 5]; it causes significant distress in 
patients and their caregivers, and interferes with symptom assessment and decision 
making [6, 7]. Therefore, early recognition and adequate management of delirium is of 
utmost importance in the care of hospitalized patients with advanced cancer. 

New guidelines recommend that the use of pharmacological interventions in the mana-
gement of delirium should be limited to patients with distressing symptoms (such as 
agitation, anxiety, or perceptual disturbances), or if there are safety concerns where the 
patient is a potential risk to themselves or others [8, 9]. In general, haloperidol, a typical 
or first-generation antipsychotic, is recommended as the first line pharmacological option 
[10, 11]. A recently performed systematic review and meta-analysis of 15 randomized 
clinical trials suggested that atypical or second-generation antipsychotics, including 
olanzapine, have a benefit with regard to efficacy and safety compared to haloperidol 
[12]. Pooled atypical antipsychotics were associated with a shorter time to response (TTR; 
standard mean difference [SMD], -0.27) and a lower incidence (risk ratio [RR], 0.3) of 
extrapyramidal symptoms (EPS). However, most of the included studies were single center 
with small sample sizes, heterogeneous study populations, and at risk of bias.  

Recently, a Cochrane systematic review included nine trials with 727 participants, assessing 
antipsychotics for delirium treatment in non-ICU patients [9].  
Seven trials included a comparison of a typical to an atypical antipsychotic drug or placebo, 
including three studies, evaluating patients with advanced cancer [13-15]. Pooled analysis 
showed no significant difference in delirium severity (SMD -0.17, 95% CI: -0.4-0.02; seven 
studies; 542 participants), overall delirium resolution (RR 1.1, 95% CI: 0.8-1.5; five studies; 
349 participants), overall mortality (RR 1.7, 95% CI: 0.8-3.5; four studies; 342 participants, or 
increased risk of EPS (RR 12.2, 95% CI: 0.55-270; two studies; 198 participants) with atypical 
antipsychotics compared to typical antipsychotics. There was no evidence to support or 
refute the suggestion that antipsychotics shorten the course of delirium in hospitalized 
patients. However, the results were assessed as (very) low evidence (downgraded due to 
risk of bias, inconsistency, and/or imprecision). Moreover, important clinical endpoints, 
like duration of delirium, health-related quality of life, and cardiac arrhythmia were not 
reported for any trial comparing typical vs. atypical antipsychotics.   

Taken together, the efficacy and safety of pharmacological interventions for the treatment 
of delirium in patients with cancer is controversial. Effective and safe strategies for the 
management of delirium remain an unmet clinical need. Atypical antipsychotics may be 
an effective and safe alternative to haloperidol. Therefore, we conducted a multicenter, 
phase III randomized clinical trial (RCT) to compare the efficacy and tolerability of age-
adjusted and titratable doses of olanzapine vs. haloperidol for the treatment of delirium 
in hospitalized patients with advanced cancer. 
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Patients and methods
Study design
This multicenter, randomized controlled, phase III trial (NCT01539733) was conducted 
at five sites (1 university cancer center, 2 teaching hospitals, 2 high-care hospices) in the 
Netherlands between January 2011 and July 2016. At the time of their admission, patients 
and/or their legal representatives were asked for written informed consent to participate 
in this study in case the patient was diagnosed with delirium during hospitalization. The 
method for concealment of allocation was by enclosing assignments in sequentially 
numbered, opaque, sealed envelopes provided by an independent third party (university 
medical center pharmacist). The envelopes were opened sequentially, and only after the 
envelope had been irreversibly assigned to the participant. The study staff assessing the 
effect of antipsychotic treatment was blinded to the participant’s treatment group for 
the entire duration of the study. The clinical staff administering the study medication and 
the patient being treated, were not blinded. The study was conducted according to Good 
Clinical Practice guidelines, the Declaration of Helsinki and local laws, and was approved 
by the institutional review boards of each participating study site. 

Patients
Eligible patients were ≥18 years of age with advanced cancer, who were admitted to 
a medical oncology ward or high-care hospice facility, who spoke the Dutch language 
fluently, and were diagnosed with delirium. Exclusion criteria included diagnosis of 
glaucoma, Parkinson’s disease, dementia, psychiatric disorders interfering with delirium 
assessment, history of neuroleptic malignant syndrome or convulsions, delirium due to 
substance withdrawal, or cardiac conduction abnormalities (prolonged QTc interval of 
>500 msec on the electrocardiogram [ECG]). Patients being treated with other neuro-
leptic medication or lithium were also excluded from entering the study, because of the 
high probability of interactions (QTc prolongation, EPS, tardive dyskinesia, neuroleptic 
malignant syndrome etc.). 

Procedures
Newly admitted patients were screened for delirium by the attending nurse using the 
Delirium Observation Scale (DOS) on set days (Mondays and Thursdays) during each 
nursing shift (day, evening, night), or whenever delirium was suspected by the nursing 
or medical staff. The DOS is a 13-item scale based on the Diagnostic and Statistical 
Manual of Mental Disorders fourth edition (DSM-IV) criteria for delirium, designed to 
be completed by a nurse [16]. The DOS is an accurate screening scale for delirium in 
patients with advanced cancer [17]. The range of the total DOS score is 0-13; a total 
score of ≥3 indicates delirium. Patients with DOS score ≥3 were assessed on Delirium 
Rating Scale-R-98 (DRS-R-98) by a blinded assessor to confirm the diagnosis of delirium. 
The DRS-R-98 has 16- items, 13 of which assess the severity of symptoms, and 3 items 
are of diagnostic significance [18]. The rating is applicable to the preceding 24 h. Each 
severity item’s rating levels are anchored with descriptions appropriate to that particular 
symptom. The severity ratings range from 0 (no impairment) to 3 (severe impairment), 
and a severity score of ≥15.25, or a total score of ≥17.75 is indicative of delirium; higher 
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scores indicate higher severity of delirium. Delirium is considered cleared, if the severity 
score is <15.25 with a decline of at least 4.5 points (d = 0.8) in the total score [18]. Site 
initiation involved training of the clinical and study staff for standardized assessment of 
DOS and DRS-R-98 scores (performed by M.V. and E.N.). 

Once delirium was diagnosed, potential precipitating factors for delirium, including 
changes in dose or type of opioids (<48 hours before diagnosis of delirium), dehydration, 
infection, intracranial malignancy, infection, and metabolic imbalances were identified 
and scored (yes or no) by a comprehensive assessment. Delirium was categorized 
according to motor subtype (hypoactive, hyperactive or mixed), based on DRS-R-98 
items 7 (motor agitation) and item 8 (motor retardation). We also determined the pre-
dominance of certain “psychomotor features” by clinical observation. The hypoactive 
subtype is characterized by reduced alertness, sedation, and reduction of motor activity. 
The hyperactive form is associated with hypervigilance, overt psychotic features (e.g., 
hallucinations, delusions), and agitation. The mixed subtype has overlapping features of the 
hypoactive and hyperactive subtypes. All patients received tailored interventions targeted 
at the underlying causes of delirium, and appropriate non-pharmacological measures 
were taken according to clinical practice guidelines [8, 10, 11]. Subsequently, all patients 
were randomized in a 1:1 ratio to receive haloperidol orally (PO) or subcutaneously (SC), 
or olanzapine PO or intramuscularly (IM). Dosing of antipsychotics was age adjusted and 
based on clinical practice guidelines [10, 11].    

Patients <75 years of age assigned to haloperidol started with a loading dose of 1 mg. DOS 
scores were determined every 40 minutes thereafter. If the DOS score was ≥3, subsequent 
doses were increased by 1 mg up to a maximum dose of 20 mg PO or 10 mg SC on day 
1 (Supplemental Table 1). Patients <75 years of age assigned to olanzapine started with 
a loading dose of 5 mg. DOS scores were determined every 2 h thereafter. If the DOS 
score was ≥3, subsequent doses were increased to a maximum dose of 20 mg PO or IM 
(Supplemental table 2). The loading, titration, and maximum doses of both haloperidol 
and olanzapine were halved for patients ≥75 years of age.    

If the DOS score was <3, resolution of delirium was confirmed by DRS-R-98 assessment. 
Maintenance dose of haloperidol or olanzapine was one half of the total dose of the study 
drug administered during the first 24 h after initiation, and divided in 1 or 2 doses. On 
days 2, 3, 4 and 7, DRS-R-98 assessment was repeated. If the DRS-R-98 severity score was 
≥15.25, maintenance doses of haloperidol and olanzapine were adjusted (Supplementary 
Table 1 and 2).     

Treatment with antipsychotics was discontinued if the maximum daily dose of the study 
drug was reached without resolution of delirium, or if serious (grade ≥3) treatment-
related adverse events (TRAEs) occurred. TRAEs, including somnolence, dizziness, and 
EPS (including tremors and muscle stiffness) were monitored and graded daily according 
to the Common Terminology Criteria for Adverse Events (CTCAE) version 4.03 [19] by the 
study staff. ECG was performed before initiation of the study drug, and on day 2. If QTc 
prolongation (>500 msec) occurred, treatment with the study drug was also discontinued. 
Administration of the benzodiazepine receptor agonist lorazepam PO or intravenously 
(IV) was allowed, if the patient was deemed to require immediate intervention for 
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safety or distress by the clinical staff. There was no pre-determined dose schedule 
for the administration of PO or IV lorazepam. For optimal results, dose, frequency of 
administration, and duration of therapy with lorazepam was individualized according to 
patient response. 

Patients who had recovered from delirium were asked to complete the Delirium 
Experience Questionnaire (DEQ). The DEQ is a face-valid brief questionnaire asking 
six questions (three questions, yes/no; two questions, 0-4 numerical rating scale with 
0 = at all and 4 = extremely; one question, qualitative assessment) to assess recall of 
the delirium experience and the degree of distress related to the delirium episode [6]. 
Spouse/caregivers and attending nurses were also asked to complete the DEQ to assess 
the level of caregiver distress. 

Endpoint and statistical analysis
The primary endpoint was delirium response rate (DRR) on days 1-7 after randomization 
as defined by DRS-R-98 assessment (severity score <15.25; decline ≥ 4.5 points total 
score). Secondary endpoints included: time to recovery (TTR), defined as the time from 
randomization to resolution of delirium (number of days); TRAEs according to CTCAE 
version 4.03; delirium-related distress for patients and their caregivers assessed by DEQ. An 
exploratory analysis of DRR was conducted for each motor subtype of delirium. 

Assuming a 25% improvement in DRR (from 50% to 75%) with olanzapine compared to 
haloperidol [20] with alpha set to 5% and power to 90%, and an expected dropout rate 
of 15%, the total sample size was 100 evaluable patients per treatment arm. DRR was 
compared between the two randomized groups by chi-square tests, and by calculating the 
95% confidence interval (CI) of the difference of the proportions in both the intention-to-
treat (ITT) and the per protocol (PP) cohort (i.e. all patients who completed antipsychotic 
treatment). TTR outcomes in the ITT cohort were compared between the two treatment 
groups in the ITT by using stratified log-rank tests and were plotted in a Kaplan-Meier 
curve. TRAEs and DEQ scores were analyzed in an explorative or descriptive manner. All 
reported p-values are two-sided.     

Futility analysis was conducted after 50% (n = 100) of the patients required for DRR analysis 
was included. The threshold for futility was set at a conditional power of 10%, which is 
usually applied as a stopping rule [21]. All analyses were conducted by an independent 
statistician using IBM SPSS statistics version 22 (IBM, Chicago, IL). 
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Results
Between January 1, 2011 and June 15, 2016, a total 100 patients were randomly assigned: 
50 patients per treatment arm (Figure 1). Data were missing from one patient in each 
treatment arm. Ninety-eight patients (49 patients per treatment arm) were included in 
the ITT cohort; 81 patients (40 in the olanzapine arm, and 41 in the haloperidol arm) in 
the PP cohort. 

Figure 1. CONSORT diagram.

 

 

 

 

 

 

 

 

  

 

 

     

 

  

 

                                                   

Randomised (n= 100) 

50 allocated to olanzapine 

 49 received at least one dose of 
allocated intervention* 

9 discontinued treatment 

 6 due to death 
 3 due to non-compliance 

50 allocated to haloperidol 

 49 received at least one dose of 
allocated intervention* 

8 discontinued treatment 

 7 due to death 
 1 due to non-compliance 

Analyzed 

Intention-to-treat n=  49 

Per protocol n = 40 

Analyzed 

Intention-to-treat n= 49 

Per protocol n= 41  

 *Data were missing from one patient in each treatment arm

Table 1 describes the baseline characteristics of the ITT population, which were generally 
well balanced between the two arms. The majority of the patients was male (69.4%) 
with a mean age of ±69 years in both treatment groups. Mean DRS-R-98 total score at 
randomization was approximately 23 in both arms. Median number of precipitating 
factors for delirium was 2 (Interquartile Range [IQR], 1-3; range, 0-5). Most patients (n= 
89; 91%) were admitted to a hospital ward. Reason for hospitalization was an emergency 
admission in 84.7% of the patients. 
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Table 1. Baseline characteristics (intention-to-treat population. 

Olanzapine (n= 49) Haloperidol (n= 49)

Mean age, years (SD) 69.9 (9.3) 68.4 (11.9)

Sex, No. (%)

     Male 33 (67) 35 (71)

     Female 16 (33) 14 (29)

DRS-R-98

     Severity score, mean (SD) 18.1 (3.8) 17.6 (3.4)

     Total score, mean (SD) 23.5 (3.9) 23.1 (3.4)

Delirium subtype, No. (%)

     Hyperactive 16 (33) 20 (41)

     Hypoactive 10 (20) 17 (35)

     Mixed 21 (43) 12 (24)

     Unspecified 2   (4) -

Use of opioids, No. (%) 33 (67) 35 (71)

Use of benzodiazepines, No. (%) 18 (37) 21 (43)

Use of neuropathic pain medication, No. (%) 7 (14) 11 (22)

Use of psychotropic medication, No. (%) 3 (6) 4 (8)

Precipitating factorsa, 
Median No. (IQR; range) 2 (1-3; 0-5) 2 (1-3; 0-5)

Admission type, No. (%)

     Hospital 45 (92) 43 (88)

     Hospice 4   (8) 6   (12)

Reason for admission, No. (%)

     Emergency 41 (84) 42 (86)

     Scheduled 8   (16) 7   (14)

Abbreviations: DRS-R-98, Delirium rating scale revised 98; IQR, interquartile range; SD, standard deviation 
aPrecipitating factors included: change in dose or type of opioids (<48 hours before diagnosis of delirium); dehydration; infection; 
intracranial malignancy; infection; metabolic imbalances. 

Efficacy
Median olanzapine dose was 8.8 mg (IQR, 5.0-15.0 mg) on day 1, 5.0 mg (IQR, 0.0-10.0 
mg) on day 2, and 5.0 mg (IQR, 1.9-10.0 mg) at the end of study. For haloperidol, median 
dose was 2.5 mg (IQR, 1.0-4.8 mg) on day 1, 1.3 mg (IQR, 0.5-2.9 mg) on day 2, and 1.8 
mg (IQR, 0.5-2.8 mg) at the end of study.   

In the ITT cohort, DRR was 45% (95% CI, 31-59) for olanzapine, and 57% (95% CI, 43-71) 
for haloperidol (ΔDRR -12%; odds ratio [OR], 0.61; 95% CI, 0.2-1.4]; p= .23). DRR was 56% 
for olanzapine (95% CI, 41-72), and 68% (95% CI 54-83) for haloperidol (ΔDRR -12%; OR, 
0.61; 95% CI, 0.2-1.5; p= .27) in the PP cohort. Mean TTR in the olanzapine arm was 4.5 
days (95% CI, 3.2-5.9), and it was 2.8 days (95% CI, 1.9-3.7; p= .18) in the haloperidol arm. 
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(Figure 2). Exploratory analysis did not demonstrate any significant benefit of olanzapine 
in DRR for hyperactive, hypoactive, or mixed subtypes (Table 2).  

Futility analysis was conducted, and at this time, the conditional power was 8.6%. As the 
conditional power was lower than the threshold for futility, this analysis indicated that 
this study was unlikely to reach the predefined efficacy criteria. Therefore, recruitment 
was terminated prematurely (June 15, 2016). 

Table 2. Delirium Resolution Rate (DRR) for delirium motor subtypes (intention-to-treat population).  

DRR

Motor subtype Olanzapine (n= 49) Haloperidol (n= 49) OR, 95% CI 
(p valuea)

       Hyperactive, n
        Responders (n, (%))

16
8 (50)

20 
13 (65)

0.5, 0.1-2.1 (0.50)

       Hypoactive, n
         Responders, n, (%)

10
3 (30)

17 
11 (65)

  0.2, 0.04-1.5 (0.12)

       Mixed, n
        Responders, n, (%)

21 
10 (47)

12 
4 (33)

1.8, 0.4-7.9 (0.49)

        Unknown, 2 0

Abbreviations: CI, confidence interval; OR, odds ratio
ap two-sided chi-square test (olanzapine vs. haloperidol).

Safety
TRAEs were in line with previous data [9], with TRAEs of any grade occurring in 13 patients 
(26.5%) in the olanzapine arm and 16 patients (32.7%) in the haloperidol arm (Table 3). 
Grade ≥3 TRAEs (all leading to drug discontinuation) were reported in 5 patients (10.2%) 
in the olanzapine arm, and 10 patients (20.4%) in the haloperidol arm (OR, 0.4; 95% 
CI, 0.1-1.4; p = .16). Sedation was the most reported grade ≥3 TRAE, in 5 (10.2%) and 
7 (14.3%) patients in the olanzapine and haloperidol arms, respectively. Grade ≥3 EPS 
(including tremors and muscle stiffness) occurred in two patients in the haloperidol arm; 
there was no reported grade ≥3 EPS in the olanzapine arm. One patient in the haloperidol 
arm experienced QTc prolongation (>500 msec), and none in the olanzapine arm. All 
grade ≥3 TRAEs occurred on day 1 or 2. There were no treatment-related deaths in both 
treatment arms. 
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Table 3. Incidence of therapy-related adverse events (intention-to-treat population). 

Adverse event

Haloperidol (n= 49) Olanzapine (n= 49)

Any grade Grade 3 Grade 4/5 Any grade Grade 3 Grade 4/5a

All TRAEs, n (%) 16 (32.7) 10 (20.4) 0 13 (26.5) 4 (8.2) 1 (2.0)

Sedation, n (%) 10 (20.4) 7 (14.3) 0 9 (18.4) 4 (8.2) 1 (2.0)

EPS

Tremors, n (%) 3 (6.1) 1 (2.0) 0 2 (4.1) 0 0

Muscle stiffness, n (%) 2 (4.1) 1 (2.0) 0 1 (2.0) 0 0

Dizziness, n (%) 0 0 0 1 (2.0) 0 0

QTc prolongation, n (%) 1 (2.0) 1 (2.0) 0 0 0 0

Abbreviations: EPS, extrapyramidal symptom; TRAE, therapy-related adverse event
aGrade 5 TRAEs did not occur in both arms. 

Delirium-related distress
Sixteen patients in each treatment arm completed the DEQ. Mean delirium-related 
distress level (on a 0-4 numerical rating scale) was 2.1 (SD, 1.4) in the olanzapine arm, 
and 2.3 (SD, 1.4) in the haloperidol arm. The mean delirium-related distress level rated by 
spouses and/or caregivers was 2.7 (SD, 1.1) in the haloperidol arm, and 3.0 (SD, 1.2) in the 
olanzapine arm. Mean delirium-related distress level rated by attending nurses was 0.9 
(SD, 0.9) in the haloperidol arm, and 1.1 (SD, 1.1) in the olanzapine arm. 

Discussion
This multicenter, phase III RCT demonstrated no statistically significant difference in 
efficacy between olanzapine and haloperidol for the treatment of delirium in hospitalized 
adult patients with advanced cancer. Treatment with olanzapine did not result in a better 
DRR or shorter TTR compared to haloperidol. This trial met criteria for early stopping due 
to futility.

The management of delirium is complex because of the considerable heterogeneity 
in terms of etiology and clinical subtype [22, 23]. A number of brain neural networks 
and pathways have been implicated, but underlying pathophysiological mechanisms 
remain poorly understood [24, 25]. The complexity of delirium suggests that a variety 
of interventions is most likely needed, which combines both non-pharmacological and 
pharmacological strategies, as appropriate to the cancer trajectory and goals of care. 
The question remains whether antipsychotic drugs are clinically useful and safe for the 
treatment of delirium in patients with advanced cancer. If so, are atypical antipsychotics 
preferred because of their possibly better adverse effect profile and efficacy advantages 
in some patients? 

Collective data remain limited on the activity and safety of antipsychotic drugs for the 
treatment of delirium in patients with advanced cancer. A recently performed Cochrane 
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review on antipsychotics for treatment of delirium in hospitalized non-ICU patients [9] 
included three studies comparing typical to atypical antipsychotics for the treatment of 
delirium in patients with advanced cancer [13-15]. Lin et al (n = 30; 100% with a cancer 
diagnosis) performed a single-center, open RCT, and compared the efficacy between 
haloperidol and olanzapine to treat delirium (DSM-IV criteria) in palliative and hospice 
center cancer patients [13]. Comparison of the scores of Delirium Rating Scale-Chinese 
(DRS-c) and Clinical Global Impression-Severity (CGI-S) between two groups showed no 
statistical difference. The study by Maneeton et al (n = 52; 38.5% with cancer diagnosis) 
was a single-center, prospective, double-blind RCT which compared quetiapine vs. 
haloperidol for the treatment of delirium (DSM-IV-TR and Confusion Assessment Method 
(CAM) criteria) [14]. The primary outcome measure was the DRS-R-98. They concluded 
that low-dose quetiapine and haloperidol were equally effective and safe.  

The 2018 ESMO clinical practice guideline on delirium in adult cancer patients [8] 
identified 15 studies, including three RCT’s [15, 26, 27]. Kim et al (n = 32; 72% with a 
cancer diagnosis) compared risperidone with olanzapine over a 7-day period [26]. The 
primary outcome measure was the DRS-R-98. There was no significant difference in either 
efficacy or adverse effects in this underpowered study. The second study by Hui et al (n 
= 90; 100% with a cancer diagnosis) was a single-center, double-blind, parallel group RCT 
conducted in adult patients with advanced cancer, comparing the effect of lorazepam 
vs. placebo as an adjuvant to haloperidol for persistent agitation (RASS score of ≥ +2) 
in patients with delirium (DSM-IV-TR criteria) [27]. This study was designed to assess a 
different primary research objective than our RCT.  

Recently, Agar et al [15] conducted a three-armed, multicenter, placebo-controlled study 
of antipsychotic treatment of delirium in patients receiving palliative care (n = 247, 88% 
with a cancer diagnosis). Treatment with either risperidone or haloperidol was associated 
with significantly greater delirium symptom severity scores and mean extrapyramidal 
effects than placebo. There was no comparison of haloperidol vs. risperidone in the Agar 
study. As a secondary outcome, haloperidol treatment was associated with poorer overall 
survival in long-term follow-up. However, there are some considerations that need to 
be addressed. First, although the therapeutic dose of haloperidol and the optimal dose 
titration schedule for delirium remain to be defined, starting and maintenance doses of 
haloperidol for patients >65 years of age (0.25 mg PO bid, increased to a maximum of 
2 mg/day) used in the Agar study were low compared with doses reported in previous 
studies in the oncology / palliative care setting [28]. This may have underestimated the 
clinical effect of antipsychotic drugs to treat delirium in patients with advanced cancer. 
Furthermore, differences at baseline between the haloperidol and placebo arms in 
number of patients aged >65 years (90% vs. 80%, respectively), and the median dose of 
opioids (33 vs. 15 mg, respectively), are factors that may have affected study results. Other 
possible factors impacting on study results in the Agar study are older age and dementia/
cognitive impairment, which are predictors of poor response to antipsychotics in the 
treatment of delirium [20, 29-32]. In the study by Agar et al, mean age of the patients in 
the haloperidol arm was 76.5 years (21% diagnosed with cognitive impairment), and in 
the risperidone arm mean age was 74.5 years (22% with cognitive impairment). Median 
IQCODE (a structured questionnaire to detect individuals who may go on to develop 
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dementia) scores for cognitive impairment were ≥4, which shows that long-term decline 
of cognitive status was highly prevalent. In our study, mean age was <70 years in both 
treatment arms, and patients with dementia were excluded. To conclude, prescribing of 
antipsychotic drugs for patients with delirium remains a matter of debate [33]. Future 
studies need to identify baseline factors indicating which patients will benefit most from 
upfront treatment with antipsychotic drugs. 

Overall, the safety profiles of haloperidol and olanzapine in the dose range tested were 
in line with previous studies in non-ICU patients with delirium [9]. TRAEs of any grade 
occurred in 32.7% and 26.5% of the patients in the haloperidol and olanzapine arm, 
respectively. TRAEs grade ≥3 (all leading to drug discontinuation) were reported more 
frequently in the haloperidol arm: 20.4 % vs. 10.2% in the olanzapine arm; however, this 
difference was not statistically significant. The most common grade ≥3 TRAE was sedation 
in both treatment arms. EPS grade ≥3 was uncommon, occurring in 4% of the patients 
in the haloperidol arm. Only three patients in the olanzapine arm experienced low 
grade EPS; EPS grade ≥3 did not occur in the olanzapine arm. All TRAEs resolved without 
sequelae when the study drug was discontinued. The use of antipsychotics is associated 
with QTc prolongation, which can lead to life-threatening arrhythmia [34-36]. In this study 
with routine ECG assessment only one atrioventricular block episode was reported in the 
haloperidol arm.         

Previous reports indicate high levels of delirium-related distress in patients and their 
caregivers [5-7]. In our study, exploratory analysis showed that mean stress scores 
reported by patients were just above 2 (on a 4 point rating scale) in both treatment arms. 
As expected, stress scores reported by spouses and care-givers were high: 2.7 vs. 3.0 in the 
haloperidol and olanzapine arm, respectively. Scores reported by attending nurses were 
low in both treatment arms. This could be the effect of improved professional education, 
providing nurses with educational resources and opportunities to apply knowledge with 
regard to delirium, which increases confidence in identification and management of 
delirium [37, 38].   

This study has some limitations. First, our study did not include a placebo control group. 
The absence of a comparative placebo control group with active treatment groups limits 
the interpretation of our findings. Second, the DOS was completed not on a daily basis, but 
at fixed times twice-weekly, or whenever delirium was suspected. Daily assessments were 
not feasible given the high workload of the nursing staff. Consequently, some delirious 
cases may have remained undetected. Third, although the rater of the DRS-R-98 scores 
was blinded to the study drug, as the rater knew that all subjects were receiving active 
treatment, DRS-R-98 ratings could have been affected. Fourth, non-pharmacological 
interventions for the prevention and treatment of delirium were not standardized across 
the participating 5 sites in this study. However, it should be noted that for most non-
pharmacological interventions, there is limited research evidence on which to base 
clinical recommendations. Interventions based on the Hospital Elder Life Program (HELP) 
[39] have been successfully implemented in all Dutch healthcare institutions. Fifth, the 
decision of stopping this trial early for futility was adopted as a consequence of the results 
of the interim analysis, which demonstrated that it was highly unlikely that the trial would 
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meet its primary objective of demonstrating superiority of olanzapine over haloperidol. 
With a probability rate of 8.6% to achieve its primary objective, this was well below the 
threshold of 10% for futility. Consequently, the number of included patients is relatively 
small, and the power of the analyses performed to assess secondary endpoints is low. 
Finally, the use of rescue interventions to manage agitation (e.g., benzodiazepines and 
physical restraints) were not prospectively recorded. Because these interventions are 
known to be associated with delirium, this could have introduced bias. However, it should 
be noted that retrospective analysis of the medical records showed that only very few 
patients (<3%) received benzodiazepines, and none physical restraints.  

Conclusions
Olanzapine and haloperidol are equally effective and safe for the management 
of delirium in a broad population of hospitalized patients with advanced cancer. 
The focus of future placebocontrolled RCT’s should change to individualized, 
multimodal intervention strategies for managing delirium.
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Supplementary materials
Table S1. Dose adjustment algorithm for haloperidol

On day 1, haloperidol dosing was increased according to standard guidelines with 
repeating dosing of 1.0 mg every 40 minutes until delirium resolved. Maximum dose 
allowed was 20 mg orally or 10 mg subcutaneously per 24 hours. The loading, titration, 
and maximum dose of haloperidol was halved for patients ≥75 years of age. Maintenance 
dose on day 2 was one half of the total dose of haloperidol administered during the first 
24 hours, which was divided in 1 or 2 doses. The maintenance dose of haloperidol was 
halved for patients ≥75 years of age.

Haloperidol  Day 2: maintenance dose

Total dose (mg) 
day 1* 
 

Evening dose (mg)
 

Morning dose (mg)
 

Rescue dose (mg; 
maximum twice 
daily) 

Total dose (mg) 
day 2**

1 0.5 0 0.5 1.5 

2 0.5 0.5 0.5 2 

3 1 0.5 0.5 2.5 

4 1 1 1 4 

5 1.5 1 1 4.5 

6 1.5 1.5 1.5 6 

7 2 1.5 1.5 6.5 

8 2 2 2 8 

9 2.5 2 2 8.5 

10 2.5 2.5 2.5 10 

11 3 2.5 2.5 10.5 

12 3 3 3 12 

13 3.5 3 3 12.5 

14 3.5 3.5 3.5 14 

15 4 3.5 3.5 14.5 

16 4 4 4 16 

17 4.5 4 4 16.5 

18 4.5 4.5 4.5 18 

19 5 4.5 4.5 18.5 

20 5 5 5 20 

*Total dose ended .5  are rounded up 
**With maximum  use of rescue dose
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On day 2, delirium assessment with DRS-R-98 is repeated. Resolution of delirium was 
defined as a DRS-R-98 total severity score of <15.25 points with a ≥4.5 points reduction 
in the severity items scores. If on day 3 the severity score of DRS-R-98 is ≥15.25 points, 
maintenance dose of haloperidol is increased according to the following guideline.

Haloperidol Day 3: maintenance dose

Total dose (mg) 
day 2*
 

Evening dose (mg) Morning dose (mg)
 

Rescue dose (mg; 
maximum twice 
daily)

Total dose (mg) 
day 3**

1.5 1 1 1 4 

2 2 1 1 5 

2.5 2 2 2 8 

4 2.5 2.5 2 9 

4.5 3 3 2 10 

6 4 4 2 12 

6.5 4 4 2 12 

8 5 5 2.5 15 

8.5 5 5 2.5 15 

10 6 6 3 18 

10.5 6 6 3 18 

12 7 7 3 20 

12.5 7 7 3 20 

14 7.5 7.5 2.5 20 

14.5 7.5 7.5 2.5 20 

16 8 8 2 20 

16.5 8.5 8.5 1.5 20 

18 9 9 1 20 

18.5 9.5 9.5 0.5 20 

20 10 10 0 20 

*Total dose ended .5  are rounded up 
**With maximum  use of rescue dose
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On day 4, delirium assessment with DRS-R-98 is repeated. Resolution of delirium was 
defined as a DRS-R-98 total severity score of <15.25 points with a ≥4.5 points reduction 
in the severity items scores. If on day 4 the severity score of DRS-R-98 is ≥15.25 points, 
maintenance dose of haloperidol is increased according to the following guideline.

Haloperidol Day 4: maintenance dose

Total dose (mg) 
day 3*
 

Evening dose (mg) Morning dose (mg)
 

Rescue dose (mg; 
maximum twice 
daily)

Total dose (mg) 
day 4**

4 2.5 2.5 2 9

5 3 3 2 10

8 5 5 2.5 15

9 5 5 2.5 15

10 6 6 3 18

12 7 7 3 20

15 8 8 2 20

18 9 9 1 20

20 10 10 0 20

#Day 4 and following days
*Total dose ended .5 are rounded up 
**With maximum use of rescue dose

On days 7 and 14, delirium assessment with DRS-R-98 is repeated. Resolution of delirium 
was defined as a DRS-R-98 total severity score of <15.25 points with a ≥4.5 points 
reduction in the severity items scores. 
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Supplementary materials
Table S2. Dose adjustment algorithm for olanzapine

On day 1, olanzapine was increased with repeating dosing of 5.0 mg every 2 hours until 
delirium resolved. Maximum dose allowed was 20 mg (both orally and intramuscularly) 
per 24 hours. Maintenance dose was one half of the total dose of olanzapine administered 
during the first 24 hours, which was divided in 1 or 2 doses. The loading, titration, 
maintenance, and maximum dose of olanzapine was halved for patients ≥75 years of age. 
Maintenance dose on day 2 was one half of the total dose of olanzapine administered 
during the first 24 hours, which was divided in 1 or 2 doses.

Olanzapine  Day 2: maintenance dose

Total dose (mg) 
day 1* 
 

Evening dose (mg)
 

Morning dose (mg)
 

Rescue dose (mg; 
maximum once 
daily) 

Total dose (mg) 
day 2**

2.5 2.5 0 2.5 5

5 2.5 0 2.5 5 

7.5 2.5 2.5 2.5 7.5 

10 2.5 2.5 2.5 7.5

15 5 2.5 2.5 10 

20 5 5 5 15

*Total dose ended .5  are rounded up 
**With maximum  use of rescue dose

On day 2, delirium assessment with DRS-R-98 is repeated. Resolution of delirium was 
defined as a DRS-R-98 total severity score of <15.25 points with a ≥4.5 points reduction 
in the severity items scores. If on day 3 the severity score of DRS-R-98 is ≥15.25 points, 
maintenance dose of haloperidol is increased according to the following guideline.

Olanzapine Day 3: maintenance dose

Total dose (mg) 
day 2*
 

Evening dose (mg) Morning dose (mg)
 

Rescue dose (mg; 
maximum once 
daily)

Total dose (mg) 
day 3**

5 5 2.5 2.5 10

7.5 5 5 2.5 12.5

10 7.5 5 5 12.5

15 10 7.5 2.5 20

*Total dose ended .5 are rounded up 
** With maximum use of rescue dose
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On day 4, delirium assessment with DRS-R-98 is repeated. Resolution of delirium was 
defined as a DRS-R-98 total severity score of <15.25 points with a ≥4.5 points reduction 
in the severity items scores. If on day 4 the severity score of DRS-R-98 is ≥15.25 points, 
maintenance dose of haloperidol is increased according to the following guideline.

Olanzapine Day 4: maintenance dose#

 

Total dose (mg) 
day 3*
 

Evening dose (mg) Morning dose (mg)
 

Rescue dose (mg; 
maximum once  
daily)

Total dose (mg) 
day 4**

10 7.5 5 5 17.5

12.5 7.5 7.5 5 20

17.5 10 10 0 20

20 10 10 0 20

#Day 4 and following days
*Total dose ended .5 are rounded up 
**With maximum use of rescue dose

On days 7 and 14, delirium assessment with DRS-R-98 is repeated. Resolution of delirium 
was defined as a DRS-R-98 total severity score of <15.25 points with a ≥4.5 points 
reduction in the severity items scores. 
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This final chapter summarizes the findings and main conclusions of the reported clinical 
studies on key topics in palliative and supportive care for patients with advanced cancer, 
including cisplatin-induced acute kidney injury, chemotherapy-induced nausea and 
vomiting, and delirium, followed by an in-depth interpretation, analysis and synthesis of 
the findings. In addition, recommendations are provided for clinical practice and future 
research. 

Part One: Cisplatin-induced acute kidney injury
In Chapter 2 we report the incidence and risk factors of acute kidney injury (AKI) in 
patients treated with concurrent chemoradiotherapy (CRT) including 3-weekly high-dose
(100 mg/m2) cisplatin for locally advanced squamous cell carcinoma of the head and neck 
(LA-SCCHN). The incidence of AKI was 69%; the majority of AKI cases according to the 
Kidney Disease Improving Global Outcomes (KDIGO) classification were stage 1 (83%), 
with a smaller fraction of stages 2 (12%) and 3 (5%). Risk factors were hypertension (Odds 
Ratio [OR] 2.7, 95% Confidence Interval [CI] 1.1-6.6; p = 0.03) and chemotherapy-induced 
nausea and vomiting (CINV; OR 4.3, 95% CI 1.6-11.3; p = 0.003).   

The incidence of AKI in hospitalized individuals varies substantially with the population 
evaluated and the definitions used [1]. The lack of standard definition of the syndrome 
has a great impact in the reported incidence and clinical significance of AKI. In previous 
studies involving patient populations with LA-SCCHN treated with high-dose cisplatin 
concurrent with radiotherapy, emphasis was given to the most severe acute reduction 
in kidney function, previously called acute renal failure (ARF), as manifested by severe 
azotaemia and often by oliguria or anuria. In these studies, acute nephrotoxicity was 
commonly graded by an increase in serum creatinine (SCr) levels according to the Common 
Terminology Criteria for Adverse Events (CTCAE). Using these criteria, nephrotoxicity 
≥grade 3 occured in only 4-8% of patients [2-5]. Latcha et al [6], defining AKI as an increase 
from baseline SCr of >25% within 30 days after the first cycle of cisplatin, retrospectively 
analysed data from 821 patients treated with cisplatin for multiple tumor types. They 
found that AKI occured in 31.5% of cases. 

Evidence suggests that even relatively mild injury or impairment of kidney function 
manifested by small changes in SCr and / or urine output, is a predictor of serious clinical 
consequences [7-10]. For this reason, AKI has replaced the term ARF. The concept of AKI, 
as defined by RIFLE (an acronym of the Risk-Injury-Failure; Loss, End-stage renal disease) 
[11], encompasses acute tubular necrosis and ARF as well as other, less severe conditions. 
It includes patients without actual damage to the kidney but with functional impairment 
(low stage AKI). Including such patients in the classification of AKI is clinically important, 
because they may benefit most from early intervention. According to the RIFLE criteria 
three severity grades are defined (Risk, Injury and Failure) and two outcome classes (Loss 
and End-stage renal disease). The severity criteria of AKI are defined on the basis of the 
changes in SCr or urine output where the worst of each criterion is used. The outcome 
criteria are defined by the duration of impairment of kidney function In a retrospective 
study, Espeli et al [12] used the RIFLE criteria to define renal damage in 94 patients with 
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stage III/IV LA-SCCHN treated with radiotherapy concurrent with either 3-weekly or weekly 
cisplatin. They observed that 53.7% of all patients developed AKI.   

In 2007, the Acute Kidney Injury Network (AKIN) group proposed a modified version of the 
RIFLE criteria, which aimed to improve the sensitivity of AKI diagnostic criteria [13]. There 
were several changes: an absolute increase in SCr of at least 0.3 mg/dL (26.5 μmol/L) 
was added to stage 1; the glomular filtration rate (GFR) criterion was removed; patients 
starting renal replacement therapy (RRT) were classified as stage 3, irrespectively of SCr 
values; and outcome classes were removed. The latest classification of AKI proposed 
by the Acute Kidney Injury Working Group of KDIGO [14], is based on the previous two 
classifications, and has the aim of unifying the definition of AKI. Comparing to the AKIN 
criteria, KDIGO classifies patients initiating RRT into stage 3 AKI, but removes the threshold 
of a 0.5 mg/dl (44.2 μmol/l) increment for SCr >4 mg/dl (353.7 μmol/l) in the criteria 
of stage 3 AKI. KDIGO is more sensitive for detecting low stage AKI than previous AKI 
classifications [15-17]. This explains the higher incidence of cisplatin-induced AKI in the 
current study compared to studies that did not apply the KDIGO criteria for AKI.  

The variation in AKI incidences between the different classification systems highlights 
the challenges in optimizing sensitivity and specificity for providing accurate prognostic 
information. Early identification of nephrotoxicity will improve current point-of-care 
by enabling dose and regimens adjustments before the development of overt renal 
dysfunction. The current diagnostic approach of AKI is based on an acute decrease of 
GFR, as reflected by an acute rise in SCr levels and/or a decline in urine output over 
a given time interval, and has low sensitivity and specificity. Novel biomarkers have 
been shown to detect AKI earlier and are more sensitive than SCr [18-20]. It is not clear, 
whether a single or multiple biomarker approach is needed to diagnose the complicated 
and multifactorial aspects of AKI [21-23]. The role of biomarkers other than SCr in the 
early diagnosis, differential diagnosis, and prognosis of AKI patients needs to be further 
explored. 

For any prevention strategy to be effective, patients with high risk for cisplatin-induced AKI 
need to be identified before insults result in kidney damage. Determining the risk factors 
for cisplatin nephrotoxicity may assist clinicians in selecting these high-risk patients. 
Several studies have reported risk factors for predicting cisplatin-induced AKI, such as 
old age, female sex, smoking, hypoalbuminemia, hypokalemia, hypomagnesemia, a high 
body surface area, the frequency of cisplatin treatment, the combined use of cisplatin 
and paclitaxel, advanced cancer, the total dose of cisplatin administered, cardiovascular 
disease and diabetes mellitus [24-29]. In agreement with our findings, hypertension has 
been associated with heightened risks of AKI in several clinical settings [30].  

The present study clearly demonstrates that CINV is a highly significant risk factor for 
cisplatin-induced AKI. When poorly controlled, CINV leads to dehydration, anorexia, 
weight loss, electrolyte disturbances, and diminished quality of life (QoL) [31-34]. 
Decreased renal perfusion associated with intravascular volume depletion from vomiting 
results in a reduced GFR. It is accepted that optimization of the hemodynamic status 
and correction of any volume deficit will have a salutary effect on kidney function, 
will help minimize further extension of the kidney injury, and will potentially facilitate 
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recovery from AKI with minimalization of any residual functional impairment [35]. Various 
hydration regimens and supplementation strategies are used to prevent cisplatin-induced 
AKI. However, concrete recommendations regarding the exact hydration type, volume / 
duration, supplementation, and use of forced diuresis remain unavailable [36].

Guideline-consistent CINV prophylaxis reduces the incidence of CINV after highly 
emetogenic chemotherapy, such as high-dose cisplatin [37]. However, the present study
clearly shows that CINV was poorly controlled in a significant number of patients, despite 
the use of guideline-consistent antiemetic therapy. Future randomized clinical trials 
(RCTs) investigating more potent antiemetic regimens are much needed with the ultimate 
goal of gaining complete control of CINV after CRT containing high-dose cisplatin for 
patients with LA-SCCHN. Olanzapine as compared with placebo, significantly improved 
nausea prevention in patients receiving cisplatin ≥70 mg/m2 [38]. In addition, due to 
insufficient patient tolerance, various weekly low-dose schedules of cisplatin (≤50 mg/
m2) are increasingly used in clinical practice, although three-weekly high-dose cisplatin 
is still considered the standard systemic regimen given concurrently with postoperative 
or definitive radiotherapy in LA-SCCHN [39]. Prior to its implemention in routine clinical 
practice, the low-dose weekly approach should be prospectively compared for efficacy and 
safety with the standard three-weekly high-dose schedule.

In the present study, renal function in both AKI and non-AKI patients was impaired at 3 and 
12 months after CRT compared to baseline values. Renal function was significantly more 
impaired in AKI patients at 3 months (p = 0.01) and at 12 months (p = 0.01) compared to 
non-AKI patients. With a median follow-up of 2.5 years, disease free survival (DFS) and 
disease-specific mortality (DSM) were not significantly affected by the onset of AKI during 
treatment. Our results are largely consistent with those reported in a meta-analysis by 
Coca et al [40] showing that patients who experienced AKI had an almost 9-fold higher 
adjusted risk of chronic kidney disease (pooled adjusted hazard ratio [HR] 8.8, 95% CI 3.1-
25.5) and a 3-fold higher adjusted risk of progressing to end-stage renal disease (pooled 
adjusted HR 3.1, 95% CI 1.9–5.0) compared to those without AKI. Chertow et al [41] found 
that an increase of SCr of 40.3 mg/dl (426.5 μmol/l) was independently associated with 
higher mortality. Similarly, Lassnigg et al [42] saw, in a cohort of patients who underwent 
underwent cardiac surgery, that either an increase of SCr ≥0.5 mg/dl (≥44.2 μmol/l) or a 
decrease 40.3 mg/dl (426.5 mmol/l) was associated with worse survival. For reasons that 
are not entirely clear, even small changes in SCr lead to an increase in hospital mortality. 
Possible explanations include the untoward effects of decreased kidney function such 
as volume overload, retention of uremic compounds, acidosis, electrolyte disorders, 
increased risk for infection, and anemia [43]. The relatively short follow-up period 
for assessing mortality, as well as the incompleteness of follow-up, may explain why 
differences in treatment outcomes could not be demonstrated in our study. 
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Part Two: Chemotherapy-induced nausea and vomiting
In Chapter 3 we describe the results of a systematic review of RCT’s investigating the 
efficacy of two or more antiemetic regimens for the prevention of delayed chemotherapy-
induced nausea and vomiting (CINV) after moderately emetogenic chemotherapy (MEC). 
With a systematic search in PubMed and conference proceedings from the American 
Society of Clinical Oncology (ASCO), the Multinational Association for Supportive Care in 
Cancer (MASCC), and the European Society of Medical Oncology (ESMO), a total of 247 
publications were identified. Of these, nine met the inclusion eligibility criteria [44-52]. 
When analysing the primary outcomes measured, we observed that most included RCT’s 
primarily focused on control of vomiting or the composite endpoint complete response 
(CR), defined as no vomiting and no use of rescue medications. Two studies compared the 
efficacy of the second-generation serotonin receptor antagonist (5-HT3 RA) palonosetron 
to first generation 5-HT3 RA’s [45, 46]. Both studies suggest that palonosetron is equally 
effective as first-generation 5-HT3 RA’s for the prevention of acute (0-24 hours after 
chemotherapy) and delayed (24-120 hours after chemotherapy) CINV after MEC. The 
addition of a neurokinin-1 receptor antagonist (NK1 RA) to first-generation 5-HT3 RA’s did 
not significantly improve CR rates during the acute and delayed phases in MEC-treated 
patients [47-49]. 

Dexamethasone, one of the first antiemetic drug to be introduced, is still widely used in 
multi-drug regimens recommended for the prevention of acute and delayed CINV caused by 
highly emetogenic chemotherapy or MEC. The mechanism of action of dexamethasone as 
antiemetic agent has not been elucidated, but it may be related to activity in the peripheral 
or central nervous system, and possibly by antagonizing serotonin receptors [53-56]. 
Tolerability to dexamethasone can be a concern, because when used for the prevention 
of delayed nausea and vomiting, common adverse effects have included insomnia, 
epigastric discomfort, agitation, weight gain, and hyperglycemia [57]. Therefore, there 
is interest in minimising dose and frequency. One multicenter open-label, noninferiority 
study was included in the systematic review that evaluated the efficacy of palonosetron 
plus single-day dexamethasone compared with multiday dexamethasone [44]. This study 
with CR during the overall phase (0-120 hours after chemotherapy) as primary endpoint 
included 332 patients receiving anthracycline / cyclophosphamide combinations or MEC 
(mainly oxaliplatin-, irinotecan-, and carboplatin-based regimens). Overall CR rates were 
67.5% for those (n = 166) administered dexamethasone only on day 1, and 71.1% for 
those (n = 166) also administered dexamethasone on days 2 and 3 (difference -3.6%, 95% 
CI -13.5-6.3). CR rates were not significantly different between groups during the acute 
(88.6% versus 84.3%; p = 0.262) and delayed phases (68.7% versus 77.7%; p = 0.116). A 
confounding issue is that the outcomes used in this study might not reflect the patients’ 
actual experience of CINV, because the use of CR as a single dichotomous endpoint does 
not adequately capture the incidence of nausea. This is important, because the lack of 
complete nausea control is considered the greatest unmet need in CINV control [58, 59]. 
Nausea can be particularly prominent during the delayed period. A study of 240 patients 
receiving MEC demonstrated significantly higher incidences of delayed nausea and 
vomiting compared to acute nausea and vomiting, with twice as many patients requiring 
rescue antiemetic therapy during the delayed phase [60]. However, few studies have used 
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nausea as a primary endpoint [61]. Several assessment tools exist to measure nausea as a 
single endpoint (e.g. visual analog scale; VAS) or as part of a multiple symptom assessment 
tool (e.g. Functional Living Index-Emesis; FLIE) [62].

In the light of the above considerations, we have conducted the MEDEA study, which is 
described in chapter 4. In this multicenter, open-label, randomized, phase III, noninferiority 
trial among patients receiving MEC, we used total control (TC; defined as no emetic episodes, 
no use of rescue medication, and no nausea) in the delayed phase as the primary endpoint. 
We demonstrated that dexamethasone-sparing regimens (single-dose dexamethasone 
plus palonosetron or single-dose dexamethasone plus ondansetron and metoclopramide 
10 mg orally three times daily on days 2-3) are well tolerated and do not result in any 
significant loss in antiemetic protection against not only vomiting but also nausea during 
the delayed period after  MEC. There were no statistically significant differences in impact 
of CINV on QoL, and side effects associated with the use of antiemetics between treatment 
arms. Our data should encourage clinicians to optimize the use of dexamethasone without 
compromising antiemetic efficacy during the planned cycles of MEC.

Future antiemetic studies need to develop better tools to stratify a patient’s CINV risk 
based on validated predictive tools to optimize care. CINV study endpoints should be 
standardized to allow objective cross-trial comparisons and meta-analyses to better 
inform treatment guidelines and health policy. In these studies, nausea, particularly in 
the delayed phase, should be measured and reported as a separate outcome. 

 

Part Three: Delirium
In Chapter 5, the incidence of delirium in a hospitalized population of 574 patients with 
cancer was studied in a single-center, retrospective, cohort study. In comparison with 
previous literature [63, 64], we found a low incidence rate of only 3.5 per 100 admittances. 
Nine percent of all patients admitted in this period developed delirium. One reason for 
the low incidence of delirium on this ward could be that 58% of the admittances were 
elective for administration of chemotherapy or scheduled medical procedures, as these 
patients are at low risk of developing delirium during their hospital stay. Realizing that 
age and cognitive functioning are predisposing risk factors for delirium [65, 66], another 
possible reason for the low incidence rate is that the mean age of the patients admitted 
to this ward was 60 years (only 21% of the patients were aged ≥70 years) and most elderly 
patients had a good cognitive performance status, as only 2.1 percent of all patients had 
a cognitive impairment. In addition, hypoactive presentations of delirium [67], which 
more common than the classically agitated, hyperactive forms of delirium in patients 
with advanced cancer [68, 69], may be overlooked by the oncology team [70, 71]. 
Combining the assessments of palliative care physicians and oncology nurses has been 
shown to improve the detection of delirium in terminal cancer patients [72]. Finally, a 
retrospective chart review study is subject to several layers of potential bias. For example, 
even if delirium is detected, the attending physician or nurse may fail to document it in 
the medical chart. 
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The second aim of our study was to construct a prediction algorithm for delirium in 
advanced cancer patients, based on patient characteristics which can be quickly and easily 
assessed during an admission interview or with additional clinical or laboratory testing. 
We found that patients with an emergency admittance and with a metabolic imbalance 
have a clinically relevant high risk to develop delirium. In this group the incidence rate 
of delirium was 33 per 100 patients. The strength of this prediction algorithm is its 
simplicity and feasibility in clinical practice. Based on this algorithm, patients at high risk 
for delirium could be selected for targeted intervention strategies to prevent delirium. 
Future prediction model development and validation should follow methods including 
strategies to counter low sample size and expand case-mix and generalizability [73]. In 
these models, the potential predictive role for blood / urine-based or cerebrospinal fluid 
biomarkers, such as insulin-like growth factor-1, inflammatory markers, and neurofilament 
light could also be explored [74].  

There are numerous screening tools validated for the assessment of delirium. A recent 
review by De et al [75] comprehensively identified 21 separate delirium screening tools 
used in hospital inpatients. However, few validation studies have been carried out in 
representative populations of people with advanced cancer or have included sufficient 
medical diagnostic detail to allow a determination of whether people with cancer were 
included in the study [76-81]. In chapter 6 the accuracy of the Delirium Observation 
Screening (DOS) scale [82] as a screening tool for delirium was tested against the Delirium 
Rating Scale Revised 98 (DRS-R-98) [83] in a multicenter, prospective, cohort study in 193 
patients with advanced cancer. In the present study, sensitivity of the DOS was >99.9% 
(95% CI 95.8-100%); specificity was 99.5% (95% CI 95.5-99.96%); positive predictive value 
was 94.6% (95% CI 88.0-97.7%); and negative predictive value was >99.9% (95% CI 96.1-
100.0%). Our results indicate that the DOS, a 13-point screen for delirium designed to be 
completed by a nurse, is an accurate screening tool for delirium in patients with advanced 
cancer, that can be easily incorporated into clinical practice.   

In Chapter 7 we describe the results of a multicenter, phase III RCT that compared the 
efficacy and tolerability of olanzapine to haloperidol for the treatment of delirium in 
hospitalized patients with advanced cancer. Treatment with olanzapine did not result in 
improvement of delirium response rate or time to response compared to haloperidol. 
Treatment related adverse events leading to drug discontinuation were reported more 
frequently in the haloperidol arm than in the olanzapine arm; however, differences were 
not statistically significant. Olanzapine is a safe alternative to haloperidol in delirious 
cancer patients, and may be of particular interest in patients in whom haloperidol is 
contraindicated. Antipsychotic agents are the class of drugs most studied for delirium 
treatment. A 2018 Cochrane review of antipsychotic agents for the treatment of delirium 
in non-ICU patients reported findings of 9 trials involving 727 participants [84]. Data were 
generally of poor quality, with antipsychotic agents having no effect on delirium severity, 
symptom resolution or mortality. Data on duration, length of stay, discharge destination or 
QoL were lacking, and reporting of adverse effects was absent or poor. A 2020 Cochrane 
review of four trials testing drug treatment for delirium in terminally ill adults [85] found 
that the efficacy of drug therapy was unclear owing to the mostly low to very low quality 
of evidence in these studies. One of the included RCT’s was the first placebo-controlled 
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study to examine pharmacological management of delirium symptoms in patients with 
advanced cancer [86]. This study demonstrated no benefit with risperidone or haloperidol 
in the relief of distressing target symptoms of delirium; in fact, these symptoms were 
worse with both of the antipsychotics than with placebo. Remarkably, no patients in this 
study had severe delirium, which limits the generalizability of study findings in relation to 
the severe episodes of delirium that can occur in cancer patients, especially in the context 
of advanced disease. 

Therefore, the use of pharmacological interventions in the management of delirium in 
adults should be limited to patients who have distressing delirium symptoms (such as 
perceptual disturbances) or if there are safety concerns where the patient is a potential 
risk to themselves or others. Further trials of antipsychotics in severe delirium, including 
subgroup analyses in relation to different precipitating factors, phenomenology and symp-
tom expression, are required to confirm this. These studies should include a comparator 
placebo arm. In the absence of a placebo arm, improvements in delirium noted in a cohort 
study may be explained by a response to treatment of the precipitants of the delirium 
episode rather than a response to the antipsychotic drug.  

The failure of pharmacological treatment studies may be related to the heterogeneous 
nature of delirium. Therefore, unravelling distinct mechanistic routes that lead to delirium 
should remain an important priority. Another priority is the design and testing of multi-
domain delirium treatment processes in oncology settings. This multidomain approach 
can be summarized as follows: addressing the often multiple delirium triggers, correcting 
physiological disturbances, treating the symptoms of delirium including distress, commu-
nicating with patient and carers, and addressing the current and future risks linked with 
delirium. Addressing each of these domains requires highly skilled systematic care from 
a multidisciplinary team. Given the lack of studies and the lack of definitive evidence of 
the effectiveness of multidomain treatment, recommendations regarding general delirium 
treatment are still based on expert consensus rather than on trial evidence. 

In conclusion, the overall goal of supportive and palliative care is to improve the patient’s 
quality of life congruent with the patient’s preferences - ie, the patient- centered perspec-
tive. Improvement of function and optimal symptom management throughout the dis-
ease trajectory are key elements of both supportive and palliative care. This Improvement 
can be achieved by early integration of oncology and supportive / palliative care guided by 
the patient’s needs. For supportive and palliative care, as with other disciplines, the devel-
opment of evidence-based practice requires access to good quality and relevant evidence. 
Prospective, well-designed and preferably, intervention studies are  needed  to  evaluate  
the  impact  of  palliative  and  supportive interventions on outcomes and QoL in patients 
with advanced cancer. Despite a growing awareness of the need to develop supportive 
and palliative care and recent progress in the field, more scientific evidence, tailored to 
individual and fluctuating patient needs, is required so that effective interventions can be 
recommended to cancer patients at each stage of their illness.
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APPENDICES

Nederlandse samenvatting
Algemene introductie       
Kanker is momenteel de belangrijkste doodsoorzaak in hoge-inkomenslanden. Wereldwijd 
werden in 2020 circa 19,3 miljoen nieuwe gevallen van kanker geregistreerd en stierven 
bijna 10 miljoen mensen aan deze ziekte. In Nederland is het jaarlijkse aantal mensen 
dat de diagnose kanker krijgt de afgelopen drie decennia verdubbeld van 56.000 in 1989 
naar 116.000 in 2018. Ieder jaar wordt in Nederland bij ongeveer 38.000 patiënten de 
diagnose uitgezaaide kanker gesteld. Meestal is genezing bij kanker in een vergevorderd 
stadium niet mogelijk.    

Patiënten met vergevorderde kanker ervaren vaak verschillende lichamelijke en/of 
psychologische klachten die het dagelijks functioneren ernstig kunnen belemmeren. Ook 
kunnen tijdens en na een behandeling met antitumortherapie schadelijke bijwerkingen 
ontstaan die de kwaliteit van leven negatief beïnvloeden. De meeste patiënten hebben 
daarom hulp nodig bij het verlichten of verhelpen van de klachten die door kanker of de 
ziektegerichte therapie ontstaan zijn. Omdat symptomen en bijwerkingen zich meestal 
tegelijk en in diverse combinaties voordoen, is de behandeling hiervan vaak complex. 
Palliatieve zorg is een benadering die de kwaliteit van leven verbetert van patiënten 
en hun naasten die te maken hebben met problemen die gerelateerd zijn aan een 
levensbedreigende aandoening, door het voorkomen en verlichten van lijden, door middel 
van vroegtijdige signalering en zorgvuldige beoordeling en behandeling van problemen 
van lichamelijke, psychosociale en spirituele aard (definitie Wereldgezondheids-
organisatie, WHO, 2002). In de palliatieve fase dat de kanker nog actief wordt behandeld, 
is het belangrijkste doel om de symptomen van de ziekte en de bijwerkingen van de 
ziektegerichte behandeling onder controle te brengen. Dit onderdeel van de palliatieve 
zorg wordt ook wel ondersteunende zorg of supportive care genoemd. In een situatie dat 
de ziekte niet (meer) oorzakelijk behandeld kan worden, richt palliatieve zorg zich primair 
op behoud of verbetering van de kwaliteit van leven door de klachten van de patiënt en de 
symptomen van de onderliggende ziekte te verlichten en indien mogelijk te voorkomen. 
Als behoud van de kwaliteit van leven niet langer mogelijk is, heeft palliatieve zorg als doel 
om de best haalbare kwaliteit van sterven te bereiken.    

De ontwikkeling van effectieve behandelingen van kanker gerelateerde klachten en bij-
werkingen van antitumortherapie is essentieel om de palliatieve en ondersteunende zorg 
verder te verbeteren. Deze behandelingen dienen zoveel mogelijk gebaseerd te zijn op 
gecontroleerd en gevalideerd wetenschappelijk onderzoek. Voor veel interventies in de 
ondersteunende en palliatieve zorg bestaat echter (nog) onvoldoende wetenschappelijke 
evidentie. Het doel van het in dit proefschrift weergegeven onderzoek is het verbeteren 
van de diagnostiek en behandeling van enkele veel voorkomende therapie-gerelateerde 
bijwerkingen en symptomen van vergevorderde kanker. We hebben ons specifiek gericht 
op:    

	 Verminderde nierfunctie als gevolg van cisplatine 
	 Misselijkheid en braken als gevolg van chemotherapie 
	 Delier 
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De inhoud van de hoofdstukken van het proefschrift wordt hieronder kort weergegeven, 
waarbij ook de uitkomsten en beperkingen van het gerapporteerde onderzoek worden 
genoemd. Bovendien worden enkele overwegingen gegeven voor toekomstig klinisch 
onderzoek. 

Deel 1: 
Verminderde nierfunctie als gevolg van cisplatine 
Concomitante chemotherapie met hoge dosis cisplatine (100 mg/m2 dag 1, 22 en 43) in 
combinatie met conventioneel gefractioneerde radiotherapie is de standaardbehandeling 
voor patiënten tot en met 70 jaar met een locoregionaal vergevorderd plaveisel-
celcarcinoom van het hoofdhalsgebied (Stadium III-IV)). Acuut nierfunctieverlies (acute 
kidney injury, AKI) is de belangrijkste dosis-limiterende bijwerking van cisplatine tijdens 
deze behandeling. AKI wordt tegenwoordig gedefinieerd volgens de Kidney Disease: 
Improving Global Outcomes (KDIGO) criteria gebaseerd op veranderingen in serum 
creatinine concentraties en urine output binnen een tijdsbestek van 48 uur.  

In Hoofdstuk 2 worden in een retrospectieve cohortstudie de incidentie van AKI, 
de risicofactoren voor het optreden van AKI, en de daaraan gerelateerde klinische 
consequenties geëvalueerd bij patiënten met een locoregionaal vergevorderd pla-
veiselcelcarcinoom van het hoofdhalsgebied tijdens de standaardbehandeling met 
concomitante hoge dosis cisplatine. De incidentie van AKI bedroeg 69% (n = 85); in 
totaal staakte 31% van de patiënten (n = 38) voortijdig de behandeling met cisplatine 
vanwege AKI. Hypertensie en het optreden van misselijkheid en braken waren significante 
risicofactoren voor AKI tijdens de behandeling. Het ontstaan van AKI leidde ook na 6 
maanden nog tot significant meer nierfunctieverlies in vergelijking met patiënten zonder 
AKI. Een negatieve invloed van AKI op de behandelresultaten, zoals ziekte-specifieke 
sterfte, kon met een mediane follow-up duur van 2.5 jaar niet worden aangetoond. 

Het is mogelijk dat de retrospectieve studieopzet heeft geleid tot een incomplete 
dataverzameling, en zodoende de studieresultaten heeft beïnvloed. Klinische studies met 
een langere follow-up duur zijn nodig om het effect op de langere termijn vast te stellen. 
Vanwege de hoge incidentie van AKI door cisplatine is prospectief vervolgonderzoek naar 
nierbeschermende maatregelen nodig, waaronder studies naar optimale preventie van 
misselijkheid en braken in deze patiëntengroep. Een alternatief chemotherapieschema 
met wekelijks cisplatine (40 mg/m2) veroorzaakt mogelijk minder (nier)toxiciteit. Er is 
echter minder bewijs dat dit schema even effectief is tegen de kanker en het ontbreekt 
(nog) aan een directe vergelijking met het driewekelijkse hoge dosis cisplatineschema. 
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Deel 2:
Misselijkheid en braken als gevolg van chemotherapie
Chemotherapie-geïnduceerde misselijkheid en braken (chemotherapy-induced nausea and 
vomiting, CINV) vormen een belangrijke oorzaak van morbiditeit bij oncologiepatiënten, 
ondanks de beschikbaarheid van diverse anti-emetica combinaties. 
Misselijkheid in de vertraagde fase (>24 uur na toediening cytostatica) wordt door 
patiënten als meest belastend ervaren. Het voorkomen hiervan heeft dan ook een 
belangrijk effect op de kwaliteit van leven en de motivatie van de patiënt om alle beoog-
de kuren chemotherapie te volbrengen. De incidentie van CINV is afhankelijk van de 
emetogeniciteit van de toegepaste cytostatica. Hoewel in de huidige internationaal 
gebruikte richtlijnen een combinatie van een 5HT3-(serotonine)receptorantagonist en 
dexamethason wordt aanbevolen, bestaat er (nog) geen optimale standaardprofylaxe bij 
matig emetogene chemotherapie met een CINV risico van 30-90% zonder anti-emetische 
profylaxe.

Hoofdstuk 3 beschrijft de resultaten van een systematisch literatuuronderzoek van 
gerandomiseerde klinische studies naar de effectiviteit en veiligheid van diverse 
combinaties van anti-emetica ter preventie van vertraagde misselijkheid en braken bij 
matig emetogene chemotherapie. Gezien de heterogeniteit van de studies werd geen 
meta-analyse, maar een kwalitatieve analyse uitgevoerd. Er is géén voorkeur voor 
een bepaalde 5HT3-receptorantagonist ter preventie van braken als gevolg van matig 
emetogene cytostatica. Er is onvoldoende bewijs om in deze emetogene categorie dexa-
methason routinematig meer dan eenmalig te geven. Het gebruik van dexamethason als 
anti-emeticum kan matig tot ernstige bijwerkingen veroorzaken. Maag-darmklachten, 
ontregeling van de bloedsuikerspiegel, hypertensie, vochtophoping, slapeloosheid 
en psychische veranderingen zijn de meest voorkomende bijwerkingen. De kans op 
bijwerkingen van dexamethason hangt onder andere af van de dosis en behandelduur 
van dexamethason.

In hoofdstuk 4 worden de resultaten beschreven van de MEDEA studie: een multicenter, 
driearmig inferioriteitsonderzoek naar de effectiviteit en veiligheid van een dexamethason-
sparende, anti-emetische behandeling in vergelijking met een driedaagse toediening van 
dexamethason ter preventie van vertraagde misselijkheid en braken bij matig emetogene 
chemotherapie. Om inzicht te krijgen in de mate van misselijkheid is gebruikgemaakt van 
een 7-puntslikertschaal, een gevalideerd instrument om misselijkheid in de vertraagde fase 
te scoren. Uit deze studie blijkt dat eendaagse toediening een vergelijkbare effectiviteit 
heeft als meerdaags gebruik van dexamethason voor de preventie van vertraagde CINV 
na matig emetogene chemotherapie.

Oxaliplatin-bevattende chemotherapieschema’s (85.7% van het totaal) waren over-
vertegenwoordigd in deze studie, hetgeen de generaliseerbaarheid van de resultaten naar 
de gehele categorie van matige emetogene cytostatica beperkt. In toekomstig onderzoek 
zouden ook relevante patiëntgebonden factoren die leiden tot een verhoogd risico op 
misselijkheid en braken meegewogen kunnen worden om de anti-emetische preventie 
voor vertraagde CINV te optimaliseren. 
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Deel 3: 
Delier
De diagnose delier wordt gesteld op basis van de diagnostische criteria zoals vastgelegd 
in de 5e editie van de Diagnostic and Statistical Manual of Mental Disorders (DSM-5). De 
diagnostische criteria voor delier zijn:

•	 een aandachtsstoornis (een verminderd vermogen om de aandacht ergens op te 
richten, vast te houden of te wisselen) en een bewustzijnsstoornis (een gedaald 
bewustzijn of een gedaald besef van de omgeving) én

•	 een verandering die acuut is opgetreden (in uren tot dagen) en fluctuerende 
symptomen (de verschijnselen zijn in de avond en nacht meestal nadrukkelijker 
aanwezig dan overdag);

•	 een verandering in cognitie (bijvoorbeeld oriëntatiestoornis, taalstoornis, 
geheugenstoornis) of de ontwikkeling van een waarnemingsstoornis (hallu-
cinaties), die niet kunnen worden verklaard door (een zich ontwikkelende) 
dementie.

Verschillende studies tonen grote verschillen aan in de delierincidentie bij in het ziekenhuis 
opgenomen patiënten. De diagnose delier wordt ook vaak gemist. Het kunnen voorspellen 
van een verhoogd risico op een delier kan leiden tot preventieve maatregelen en mogelijk 
ook tot verbeterde uitkomsten. Het is onduidelijk wat de toegevoegde waarde is van 
een prognostisch predictiemodel voor het voorspellen van een delier naast het klinische 
oordeel bij het inschatten van het delierrisico in de klinische praktijk door de behandelaar. 

In hoofdstuk 5 wordt in een retrospectieve cohort studie een delierincidentie van 
3.5% gerapporteerd bij in het ziekenhuis opgenomen patiënten met vergevorderde 
kanker. De lage incidentie is mogelijk te verklaren door de relatief jonge leeftijd van 
de patiënten (gemiddeld 60 jaar), en het percentage electieve opnames (58% van alle 
ziekenhuisopnames). 
Oudere patiënten, vooral 70-plussers, hebben een grotere kans om delirium te 
ontwikkelen. Met een testset van 574 patiënten en 1733 ziekenhuisopnames werd een 
klinisch predictiemodel ontwikkeld om bij individuele patiënten met vergevorderde kanker 
het risico op het ontwikkelen van een delier te voorspellen. Het model had een gebied 
onder de curve (Area Under the Curve; AUC) van 0.81. De prognostisch meest relevante 
risicofactoren waren “acute opname” en “elektrolytstoornissen”; bij aanwezigheid van 
beide risicofactoren steeg het delierrisico naar 33%. De waarde van het predictiemodel is 
niet onderzocht voor de verschillende motorische subtypes van een delier. Externe validatie 
van dit model moet plaatsvinden in vervolgonderzoek.

In meer dan 50% van de gevallen wordt een delier niet herkend. Deze herkenning kan 
verbeteren door in de dagelijkse praktijk meetinstrumenten (zogenaamde bedside 
screeningsinstrumenten) te introduceren en te bepalen welke patiënten mogelijk een 
delier hebben en behandeling behoeven. Het lijkt aannemelijk dat patiënten de voorkeur 
geven aan een korte test in plaats van een uitgebreide vragenlijst en dat deze met een 
bekende zorgverlener (bij voorkeur een verpleegkundige) kan worden ingevuld. De 
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Delirium Observation Screening (DOS) schaal is een screeningsinstrument dat door 
een verpleegkundige in minder dan vijf minuten kan worden ingevuld. In hoofdstuk 6 
wordt de nauwkeurigheid van de DOS als screeningsinstrument voor delier prospectief 
onderzocht bij in het ziekenhuis opgenomen patiënten (n = 187) met kanker in een 
vergevorderd stadium. De DOS werd vergeleken met de Delirium Rating Scale Revised 
98 (DRS-R-98). De sensitiviteit en specificiteit van de DOS voor het herkennen van het 
delier bedroeg respectievelijk >99% en 99.5%. De negatief voorspellende waarde en 
de positief voorspellende waarde waren respectievelijk >99% en 94.6%. De DOS is dus 
een zeer accuraat en eenvoudig te hanteren screeningsinstrument voor delier in deze 
patiëntengroep. De interobserver variabiliteit werd niet bepaald. De gouden standaard bij 
delier diagnostiek is op dit moment nog het feilbare klinisch oordeel. Er bestaat behoefte 
aan biomarkers, die de diagnose delier met meer zekerheid ondersteunen. Toekomstig 
onderzoek kan ook baat hebben bij het opnemen van andere diagnostische modaliteiten 
zoals EEG, evenals analyse van genetische of epigenetische factoren. 

Een medicamenteuze behandeling van een delier wordt alleen gestart indien niet-
medicamenteuze behandelingen van delier niet werkzaam zijn en/of in geval van symp-
tomen, zoals agitatie en psychotische verschijnselen en uitsluitend na diagnostiek en 
behandeling van de uitlokkende en bijdragende factoren bij het ontstaan en onderhouden 
van deze symptomen. De beperkte wetenschappelijke onderbouwing in de literatuur 
over de behandeling van het delier heeft ertoe geleid dat standaard protocollen de 
medicamenteuze behandeling van het delier bepalen. Hierin is over het algemeen 
het typisch antipsychoticum haloperidol de eerste keuze. Atypische antipsychotica, 
zoals olanzapine, worden voorgeschreven als alternatief bij onvoldoende effect en/of 
bijwerkingen van haloperidol. In hoofdstuk 7 worden de resultaten beschreven van een 
multicenter, prospectief gerandomiseerd onderzoek naar de effectiviteit en veiligheid 
van olanzapine in vergelijking met haloperidol voor de behandeling van delier bij in het 
ziekenhuis opgenomen patiënten met vergevorderde kanker. Geconcludeerd kan worden 
dat olanzapine en haloperidol even effectief zijn bij de behandeling van delier in deze 
patiëntengroep. Bij het gebruik van olanzapine ontstond bij 10.2% van de patiënten (n 
= 5) matig tot ernstige bijwerkingen, met name sedatie. In de haloperidolgroep werd 
bij 20.4% van de patiënten (n = 10) matige tot ernstige bijwerkingen waargenomen, 
met name sedatie en extrapiramidale stoornissen. De studie werd beëindigd vanwege 
futiliteit; niet-medicamenteuze interventies waren niet gestandaardiseerd. Toekomstig 
placebogecontroleerd onderzoek is nodig naar de effectiviteit van geïndividualiseerde, 
multimodale interventies voor de behandeling van delier bij patiënten met vergevorderde 
kanker. 
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Algemene conclusie
Het wetenschappelijk onderzoek dat ten grondslag ligt aan dit proefschrift voegt nieuwe 
kennis toe over de preventie en behandeling van symptomen en bijwerkingen van (ziekte)
gerichte behandelingen bij patienten met vergevorderde kanker. Het doel is om met de 
behandeling de symptoomlast te verlagen tot een voor de patiënt acceptabel niveau. 
Doeltreffendheid, doelmatigheid en medicatieveiligheid zijn kernwaarden van empirisch 
onderbouwde symptoombestrijding. Ik ben van mening dat toekomstig onderzoek op 
het gebied van de ondersteunende en palliatieve zorg zich evenals de ziektegerichte 
antitumortherapie moet richten op de mogelijkheid om op basis van individuele 
kenmerken van de patiënt en specifieke kenmerken van de onderliggende ziekte de 
meest succesvolle behandeling te bepalen. Ook voor de ondersteunende en palliatieve 
zorg hoort het logische adagium te zijn: voor iedere patiënt een wetenschappelijk 
onderbouwde, effectieve behandeling op maat. 
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