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STUDY SUMMARY:  

Rationale:  

Pain is an invalidating hallmark of Sickle Cell Disease (SCD) and has a considerable impact 

on the Health Related Quality of Life (HR-QoL) of patients and the medical health care 

system. Oxidative stress is hypothesized to play a central role in its pathophysiology. This is 

supported by the fact that markers of oxidative stress are associated with severity of the 

disease. In an open label randomized pilot study we demonstrated that administration of a 

scavenger of free oxygen radicals (oral N-Acetylcysteine; NAC) during 6 weeks reduced 

markers of oxidative stress. In another pilot study a profound effect of NAC on the 

hospitalization rate for painful crises was demonstrated. Our hypothesis is that NAC is able to 

reduce the frequency and severity of daily life pain in patients with SCD, and thereby reduce 

related healthcare costs.  

 

Objective:  

In this study the effect of the administration of NAC on the frequency and severity of pain 

and painful crises in daily life will be assessed as well as the related frequency and length of 

hospital admissions and health related quality of life. In addition, several hematological 

markers will be monitored and societal costs will be evaluated. 

 

Study design:  

This is an international, multicenter, randomized, controlled double blind trial for a period of 

6 months. A run-in period of 2 weeks will take place before randomization to evaluate 

compliance. Total follow-up per patient of this trial including run-in and follow-up will be 6.5 

months.  

 

Study population:  

Patients with SCD (HbSS, HbSC, HbSβ+ or HbSβ0) 12 years of age or older with at least 3 

painful crises in the last 3 years, are included in this study.  

 

Targeted number of patients:  

116 sickle cell patients are needed (58 in each arm) to detect a 50% reduction in the 

frequency of painful crises from 50% in the control group to 25% in the treatment group. 

This group size is based on an expected reduction of 50% in pain days, using a 

two-sided significance level of 5% and a power of 80%. 
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Treatment:  

The patients are treated with either 1200 mg NAC per day orally (one tablet of 600 mg twice 

daily) or placebo (one tablet twice daily) for a period of 6 months. 

 
Timeline of analyses and reporting:  

Steer group meetings will be planned after initial explorative analyses, and after predictive 

analyses. Main time points of analysis and reporting are: 

1. ZonMW report - deadline August 2016 

o Cost effectiveness 

o Clinical outcomes 

2. Publications – submission aim October 2016 

o Clinical outcomes and quality of life 

o Laboratory analyses 

 

January   April   July   October  December 

 
     

 
 
 
 
 
 

- Last patient out of study 
- Close-out visits Belgium/UK 
- Data cleaning 
- Start analyses 
o Cost-effectiveness 
o Send out laboratory 

samples for analyses 
o Clinical outcomes 

- Deadline ZonMW 
(August) 

- Further analysis 
and writing for 
publications 

- Deblinding and data lock 

- Submission main 
articles 

- Final reports to 
ethical committees 
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Study flow chart 
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Analysis plan 
 
All included patients are included in the primary analysis according to their original 
treatment assignments, on an intention-to-treat (ITT) basis. As the prophylactic 
effect of NAC on SCD pain symptoms can most likely not be expected to occur 
directly after the start of treatment, we will only include patients in our analysis with 
a minimum of 110 completed diary observation days (4 months study 
participation, including potential hospital admission days not registered in the diary). 
Patients who withdraw their consent after this minimum of observation days, will be 
included in the ITT until the point of withdrawal. Patients lost to follow up after this 
minimum will be included in the analysis as far as data is available (NB when patients 
are lost to follow up, further pain diary data for assessment of the primary outcome, 
following the intention-to-treat principle, will not be available either). Two-sided 5% 
significance levels will be used to identify statistically significant results. 
If possible and the data allows, a secondary, per protocol analysis of the primary 
endpoint will be performed excluding the participants identified as lost to follow-up, 
subjects that were randomized into the study but who failed to receive their allocated 
treatment, who were considered as non-compliant (based on tablet counts) or who 
dropped out for other reasons.    
 
All continuous baseline data will be presented as medians and interquartile ranges 
(IQR), irrespective of the distribution, and compared among both intervention groups 
by means of a Mann-Whitney U test. Categorical data will be presented as 
proportions (%) of the total in both intervention groups. Differences in proportions 
between the intervention groups will be assessed with a chi-square test.  
 
The primary analysis of the effect of NAC versus placebo will be the comparison of 
frequency of pain days between the two intervention groups in relation to total 
follow-up time (total number of available diary days). Evaluation of treatment effects 
of the major outcomes will be corrected for covariate effects of the treatment and 
the randomization strata (as prescribed by the EMA guideline on adjustment for 
baseline covariates). Yet, due to the lower enrolment than predicted, not all strata 
can be included here. Depending on the final randomization distribution, only the 
first of the following three pre-specified randomization strata will be selected: 

1. Use of hydroxycarbamide yes versus no 
2. Genotype HbSS / HbSβ0 (severe) versus HbSC / HbSβ+ (mild) 
3. Country of randomisation (Netherlands versus Belgium and UK) 

Optionally, depending on the patient numbers per stratum, also three groups can be 
made based on the two genotypes, with hydroxycarbamide use split out only for the 
severe genotype. As a guideline here, a minimum of 10 patients with at least one 
pain day on NAC and 10 patients with at least one pain day on placebo is required 
per stratification group). 
 
In case of continuing hospital admissions or diary observations at the official end of 
the study, a cut-off value of 6 months and 1 week (187 days) of study observation 
after T0 will be used for all outcomes (pain days, admission days, use of medication). 
 
See detailed description of analysis per endpoint on page 9-12. 
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Data export and software    
All data have been entered in the online eCRF (Open Clinica). Questionnaire data on 
health-related quality of life and costs has been entered in Limesurvey. All data will 
be exported to SPSS statistical software version 23 for further database structuring 
and data analysis. Poisson regression and linear mixed model analyses will also be 
performed in SPSS. 
 
 
 
Data validation and deblinding 
Outlier or missing values were limited at initial data entry by use of pre-specified 
limits in the eCRF. All data will be cleaned after completion of primary data entry. 
Data cleaning will be performed before deblinding and final data lock.  
After the first data export, all numeric values will be visually checked for outliers and 
missing values by use of frequency distibution tables and plots. Lastly, logical checks 
will be performed to detect impossible combinations of data entry (e.g. non-
chronological dates, transfusion indicated without hospital admission information, use 
of hydroxyurea indicated on randomization but not entered in eCRF). Incorrect 
values will be corrected in the eCRF (corrections are digitally registered in Open 
Clinica). After data cleaning and corrections have been performed, data will be 
locked and a final data export will be made. Hereafter, deblinding is allowed. 
 
 
Methods of handling missing data 
For assessment of both the primary and secondary outcomes, we will only include 
patients in our main analysis with a minimum of 110 completed diary 
observation days (including potential hospital admission days not registered in the 
diary), because the prophylactic effect of NAC on SCD pain symptoms cannot be 
expected to occur directly after the start of treatment. Therefore, patients lost-to-
follow-up before this number of days, or with a high number of missing diary days in 
the overall study duration, will be excluded from the analysis. No imputation will be 
performed. 
An overview of numbers and characteristics of patients that were included and 
excluded in the analysis based on the above criteria, will be given in a separate table. 
 
 
 
Sensitivity analyses 
In addition to the main analysis on the subset of patients with a minimum of 110 
completed diary observation days, we will also perform various sensitivity analyses. 
With these additional analyses we aim to assess the robustness of our findings in the 
main analysis.  
The following sensitivity analyses will be performed: 

- Evaluation of the incidence rate of pain in daily life in all patients with 
available diary follow-up  

- Evaluation of the main outcomes in a selection of patients with a minimum of 
80 completed diary observation days (3 months study participation, as 
compared to 110 days in the main analysis) 
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- Evaluation of the incidence rate of pain in daily life, excluding hospital 
admission days as pain day. 
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CONSORT flowchart 
 
 

 
 

 
Randomized (n=96) 

 
- Netherlands (n=73) 
- Belgium (n=20) 
- UK (n=3) 

 

NAC 
(n=…) 

 
- Received allocated intervention (n=..) 
- Never received allocated intervention 

 Lost contact (n=..) 
 Consent withdrawn (n=..) 

 

Placebo 
(n=…) 

 
- Received allocated intervention (n=) 
- Never received allocated intervention 

 Lost contact (n=…) 
 Consent withdrawn (n=…) 

 
 
 

- Discontinuation during study with 
reasons (n=..) 
 Adverse event (n=..) 
 Physician decision (n=..) 
 Withdrawal of consent (n=..) 

 

- Lost-to-follow-up  (n=..) 
 

- Discontinuation during study with 
reasons (n=…) 
 Adverse event (n=…) 
 Physician decision (n=…)  
 Subject/parent decision (n=…) 

 

- Lost-to-follow-up  (n=…) 
 

 
Analyzed (n=…) / Fully completed (n=…) 

 
Analyzed (n=…) / Completed (n=…) 
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Endpoints 
 

 
Primary endpoint 

o The incidence rate of SCD related pain in daily life per patient year  

(based on a 6 month pain diary observation) 

 
Secondary endpoints 

o Severity of pain (pain scores in diaries) 

o The incidence rate per patient year of painful crises (pain diaries) 

o The severity of painful crisis (pain scores diaries on crisis days) 

o The incidence rate per patient year of hospital admissions  

o The length of hospital admissions during study observation  

o Time in days to first painful crisis and hospital admission 

o The incidence rate per patient year of use of home pain medication 

(pain diaries) 

o Health-related quality of life (SF-36 en PedsQ questionnaires) 

o Cost-effectiveness analysis  

o Adverse events 

 SCD related complications 

 Other adverse events 

o Laboratory markers 

o Compliance 

 
For definitions and specifications see next pages. 
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Primary Efficacy Analyses 
The primary efficacy analysis will be the comparison of the incidence rate per patient 
year of daily life pain in days per patient between the two intervention groups, based 
on a 6 month pain diary observation. A pain day will be defined as when the box 
“Yes, I have experienced pain” is checked in a daily diary. Days with hospital 
admission for painful crisis will be included in the total number of pain days and in 
the total number of diary observation days, irrespective of pain diary reports on 
these dates.  
 
The incidence of pain in daily life will be expressed as the number of pain days in 
relation to total follow-up time, and transformed to an event rate per patient year 
with a corresponding rate ratio and its 95% confidence interval. The event rates will 
be assessed and compared for the two intervention groups by means of Poisson 
regression analysis, correcting for the covariate effects of the selected 
randomization strata (see page 5) and treatment arms (placebo vs NAC). The natural 
log of [the ‘total diary observation time per patient’ divided by ‘365.25’]  will be 
included as an OFFSET variable in this analysis of the event rates. 
 
See table 2 example. 

 
 
Secondary Efficacy Analyses 
The following parameters will be evaluated in our secondary analyses, and 
comparisons between the two intervention groups will be made.  
 
 
Pain intensity 
The average intensity of pain indicated on pain days in daily life will be compared 
between the two groups. The intensity of pain will be calculated as the average pain 
score over all pain days, using the highest scores indicated per day (either score over 
night or over day). Hospital days will be excluded from the analysis, as these scores 
often have not been completed fully during admission and the analysis is targeted at 
pain in daily life. Pain scores will be considered as continuous data with a normal 
distribution. Differences in pain intensity across the intervention groups will be 
evaluated using linear mixed-models, with a random intercept per person, 
adjusting for repeated measurements within patients and correcting for the covariate 
effects of the selected randomization strata (see page 5) and treatment arms 
(placebo vs NAC). 
A separate analysis will be performed for the pain intensity on diary days indicated as 
painful crisis managed at home (excluding hospital admissions).  
 
See table 2 example. 
 
 
Painful crises 
The number of patient-indicated painful crises in relation to total follow-up time will 
be transformed to an event rate per patient year, with a corresponding rate ratio and 
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it’s 95% confidence interval. Also, the average number of crisis days per patient in 
relation to total follow-up time will be evaluated (including hospital admission days, 
see below). 
The event rates will be assessed and compared for the two intervention groups by 
means of Poisson regression analysis, correcting for the covariate effects of the 
selected randomization strata (see page 5) and treatment arms (placebo vs NAC). 
The log of [the ‘total diary observation time per patient’ divided by ‘365.25’]  will be 
included as an OFFSET variable in this analysis of the event rates. 
Lastly, the average intensity of pain during crisis days will be evaluated per 
treatment arm (see previous paragraph ‘Pain intensity’).   
 
A painful crisis will be defined as either (overlap is possible): 

 When the box “Yes, I was in a crisis” is checked in a daily diary. The number 
of painful crises will be defined as the number of groups of consecutive days that box 
is checked. The length of a painful crisis will be the number of consecutive days the 
box is checked. 

 Missing diary days that are immediately preceded and followed by crisis days or by 
hospital admission, are considered part of the same crisis (with a maximum of 20% 
of missing days accepted, see paragraph 8.3). 

 A visit or admission to a hospital that lasted more than 4 hours for acute sickling-
related pain, which was treated with orally or parenterally administered narcotics. 

 An acute chest syndrome 
 
See table 2 example. 
 
 
Hospital Admission 
The number of sickle cell related hospital admissions in relation to total follow-up 
diary observation time will be transformed to an event rate per patient year, with a 
corresponding rate ratio and it’s 95% confidence interval. Also, the average number 
of admission days per patient in relation to total follow-up time will be evaluated. 
The event rates will be assessed and compared for the two intervention groups by 
means of Poisson regression analysis, correcting for the covariate effects of the 
selected randomization strata (see page 5) and treatment arms (placebo vs NAC). 
The log of [the ‘total diary observation time per patient’ divided by ‘365.25’]  will be 
included as an OFFSET variable in this analysis of the event rates. 
 
See table 2 example. 
 
 
Time in days to first painful crisis and hospital admission 
The time in days from randomization to first painful crisis (patient-defined) and 
hospital admission for painful crisis will be expressed in cumulative event rates, 
estimated by Kaplan-Meier analysis. Distributions of events over time will be 
compared by Cox regression analysis and expressed in hazard ratios with 95% 
confidence intervals, correcting for the covariate effects of the selected 
randomization strata (see page 5) and treatment arms (placebo vs NAC). 
 
See figure 1 example. 
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Frequency use of pain medication at home 
The incidence rate of analgesic usage will be defined as the proportion of pain days 
with reported analgesic use on the total number of pain days (excluding observation 
days with no reported pain). This proportion will be transformed to an event rate per 
patient year, with a corresponding rate ratio and it’s 95% confidence interval. 
The event rates will be assessed and compared for the two intervention groups by 
means of Poisson regression analysis, correcting for the covariate effects of the 
selected randomization strata (see page 5) and treatment arms (placebo vs NAC). 
The log of [the ‘total diary observation time per patient’ divided by ‘365.25’]  will be 
included as an OFFSET variable in this analysis of the event rates. 
Analgesic use on hospital admission days will be excluded from this analysis. 
 
See table 2 example. 
 

 
Health-related Quality of Life (HR-QoL) 
HR-QoL will be expressed in scores from 0-100 at three points in time (T0, T3, T6). 
The HR-QoL in adults has been assessed using the SF-36 questionnaire, expressing 
scores in two subdomains: the Physical Component Summary (PCS) and the Mental 
Component Summary (MCS). The HR-QoL in pediatric patients has been assessed 
using PedsQL inventory, expressing a total scale score and two subscores: the 
psychosocial health summary score and the physical health summary score. All 
results will be expressed in scores from 0-100. Scores for children and adults will be 
reported separately, and if possible, combined standardized scores per intervention 
group will be compared at time point T3 and T6  throughout the trial. Scores at T0 
will be included in the baseline table. In both questionnaires lower scores represent 
lower quality of life, whereas higher scores represent better quality of life.  
The mean change in HR-QoL scores will be compared between both intervention 
groups (T0 versus T3, T0 versus T6) by means of a Mann-Whitney-U test. 

 
 
Cost-effectiveness analysis  
This clinical analysis plan will be guiding for the cost-effectiveness analysis. A 
separate analysis plan will be made by a master student Health Economics of the 
Erasmus University Rotterdam, under supervision of prof. Carin Uyl.  
In summary, the societal costs of pain care with the use of NAC, in the intervention 
group, will be compared to the societal costs of current pain care in the control 
group. Estimates of unit costs will be based on calculation of real costs of pain care. 
Dutch pharmaceutical unit cost listings (www.fk.cvz.nl), guideline prices and tariffs 
will be used to determine cost estimates of health care resource use. 
Generated direct medical costs have been recorded in the case report forms and by 
means of the Medical Cost Questionnaire. Indirect costs arising from 
losses in productivity have been assessed by means of the Productivity Cost 
Questionnaire and will be calculated by means of the friction cost method. Unit costs 
will be set at the 2015 price level and will be discounted by 3% annually. 
In a scenario-analysis the observed clinical efficacy outcome, reduction of pain and 
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painful crises will be used as a proxy of the possible prevention of hospital admission 
and will be translated to long-term health economic outcomes. The extrapolation will 
focus on the potential benefits and possible reduction in costs and will include all 
factors that are a-priori believed to be predictors of hospital admission (see main 
outcomes). In sensitivity analyses, the robustness of the conclusions will be 
evaluated. 
 
Cost units to be included: 
- Direct healthcare costs: 

Hospital day, OPD/ambulatory visit, Emergency department visit, General practitioner 
visits, Analgesics use, monitoring (lab, diagnostic imaging, OPD check-up visits, Home 
care), RBC transfusions, use of co-medication, NAC treatment 

 
- Direct non-healthcare costs: 

Travel expenses for patients (mode of transport; Public transport, car, taxi, 
ambulance) 

 
- Indirect non-healthcare costs: 

Losses in productivity 

 
 
 
Incidence of SCD complications 
The number of patients with sickle cell related complications (i.e. acute chest 
syndrome, stroke etc.) will be reported per treatment arm, and compared between 
the two intervention groups by means of a Fisher’s Exact test.  
 
See table 2 example. 
 
 
Adverse events 
The frequency of registered adverse events and/or a serious adverse events will be 
reported per treatment arm, and compared between the two intervention groups by 
means of a Fisher’s Exact test.  
  
See table 3 example. 
 
 
Laboratory markers 
Laboratory markers in both groups will be described in medians and IQRs, and 
compared per time point by means of a Mann-Whitney-U test. Differences in the 
mean change from baseline of hematological markers will also be compared between 
both groups (NAC versus placebo) at the three time points throughout the trial, by 
means of a Mann-Whitney-U test. 
 
See table 4 example. 
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Compliance 
Compliance of use of study medication will primarily be checked by pill counts 
(number administered versus number returned).  Compliance will be expressed as 
the proportion of tablets remaining, compared to the number of tablets that should 
have been taken based on a prescription of 2 tablets per day and the total number of 
observation days per patient. 
As the number of bottles returned appears to be low, we additionally aim to evaluate 
compliance by N-acetylcysteine plasma concentration measurements in blood 
samples drawn at T0, T3 and T6 in the intervention group, and assess mean change 
from baseline in the intervention group. This outcome may be used as alternative 
parameter for patient compliance if necessary. 
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Table 1 – Baseline characteristics (comparibilty treatment arms) 
The following descriptive characteristics will be cross-tabulated against randomised treatment allocation. If 
substantial imbalance exists an additional adjusted sensitivity analysis will be performed for the primary outcome.  

Characteristic 
NAC group 

N = 
Placebo group 

N = 

Age   

Age categorized   

- 12-18 years   

- ≥18 years   

Observation days per patient   

Frequency distribution of uninterrupted observation 

days and missing days per patient 

  

Gender (Female sex)   

Hemoglobin genotype   

- HbSS / HbSβ0   

- HbSC / HbSβ+   

BMI   

Ethnical origin   

- Latin-America / Caribbean   

- Africa   

- Other   

(Country of enrolment)   

- Netherlands   

- Belgium   

- UK   

Use of Hydroxycarbamide (%)   

Clinical history over past 3 years (patient reported)   

- of painful crises    

- of hospital admission for painful crises    

Previous SCD related complications    

- 0   

- 1-2   

- 3-4   

- ≥5   

Mean HRQoL at T0   

Hematological parameters   

- Hb   

- Leucocyte count   

- Thrombocyte count   

- Erythrocyte count   

- Reticulocyte count   

- MCV   

- Hemoglobin F %   

- LDH   

- Total bilirubin   

- Creatinine   

- CRP   
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Table 2- Example (from Heeney et al. NEJM 2015. A Multinational Trial of 
Prasugrel for Sickle Cell Vaso-Occlusive Events.) 
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Table 2 – Example (from Heeney et al. NEJM 2015. A Multinational Trial of 
Prasugrel for Sickle Cell Vaso-Occlusive Events.) 
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Table 3 – Example (from Ataga et al. BJH 2010. Improvements in haemolysis and 
indicators of erythrocyte survival do not correlate with acute vaso-occlusive crises in 
patients with sickle cell disease: a phase III randomized, placebo-controlled, double-
blind study of the gardos channel blocker senicapoc (ICA-17043)). 
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Figure 1 – Example (from Heeney et al. NEJM 2015. A Multinational Trial of 
Prasugrel for Sickle Cell Vaso-Occlusive Events.,  and from Charache et al. NEJM 
1995. EFFECT OF HYDROXYUREA ON THE FREQUENCY OF PAINFUL CRISES IN 
SICKLE CELL ANEMIA) 
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Appendix 1: Planned experimental laboratory markers 

 

 Measurement 

Oxidative stress Glutathione 

 Plasma free & total cysteine, 
plasma NAC  

 PS expressie ery 

 AGE’s (CML, Pentosidine) 

Hemolysis LDH 

 Bilirubin 

 Reticulocyten 

 Free plasma Hb 

 Free plasma heme 

Hypercoagulability / Endothelial 
dysfunction / Adhesion 

Prothrombin F1+2 

 TAT 

 VWF propeptide 

 VWF ag 

 (tPA) 

 (PAI-1) 

 sVCAM-1 

 sICAM-1 

 s E-selectin 

 s P-selectin 

Inflammation CRP 

 Pentraxin-3 

 Nucleosomes 

Other (AMC samples only) Dense cells  

 CD47, CD44, CD147, ICAM-4, 
CD35, CD55, CD59, 
complement iC3b 

 


