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INTRODUCTION 

National cystic fibrosis (CF) data registries track patient characteristics over time and 

have provided insight into both emerging trends and current clinical needs. In a recent study, 

Burgel et al. utilized the flow method, a demographic model that predicts future trends in 

populations, and forecasted a 50% increase in the Western European CF population by 2025, 

with the adult population experiencing the largest increase (1). Burgel et al. subsequently used 

the French registry to validate short-term predictions (2); however, the accuracy of longer term 

projections has not been assessed. 

The objective of this study was to assess the accuracy of short- and long-term flow 

method projections for the number of patients living with CF using an external data source. 

 

METHODS 

This study utilized longitudinal Canadian CF Registry (CCFR) data. A detailed 

description of the CCFR has been previously published (3). Ethics approval for this study was 

obtained from the Research Ethics Board at St. Michael’s Hospital, Toronto, Ontario (Research  

Ethics Board # 17-119). 

Flow Method Forecasting 

“Entering” and “exiting” flow rates were calculated for a particular year t (1). For each 

year, the base population was defined as the number of patients who attended a clinic visit in that  

year. The “entering” flow rate was calculated as the proportion of the base population consisting 

of new CF diagnoses and CF patients who returned to the cohort after being lost to follow-up 

(defined as missing clinic visits for a one-year period). The “exiting” flow rate was the 

proportion of deaths and patients lost to follow-up. To account for year-to-year variation, flow 



rates were averaged over a five-year period. To calculate the projected population for year t+5, 

the average “entering” and “exiting” flows were respectively added to and subtracted from the  

base population of year t. 

We defined short-term forecast as five years in the future whereas long-term forecast was 

defined as 15 years in the future. To determine the accuracy of the forecasting model, we 

compared the short- and long-term projections to the observed 2015 population. Short-term 

projections were based on the mean flow rates calculated using 2006 to 2010 data. Long-term 

projections were based on mean flow rates calculated using 1996 to 2000 data. 

All analyses were performed using R statistical software (version 3.4.3). 

 

RESULTS 

Comparison of Predictions to CCFR Data 

The short-term projected overall number of CF patients was 4.1% higher for adults and 

1.1% lower for children, in comparison to the actual registry data. Long-term estimates were less 

accurate, underestimating the adult population by 29.6% and the pediatric population by 7.0% 

(Figure 1). 

In order to understand why long-term projections were dissimilar to actual data, we 

examined the “entering” and “exiting” flow rates between the two time periods, namely, 1996- 

2000 (used to make long-term projections) and 2006-2010 (used to make short-term projections). 

Adult “entering” flows were similar between the two time periods; however, “exiting” flows 

differed. Between 1996-2000 and 2006-2010, the mean death rate decreased from 3.6% to 2.1%. 

The mean loss to follow-up rate also decreased from 6.0% (1996-2000) to 4.7% (2006-2010). 

The pediatric new CF diagnosis rate increased slightly from 5.8% from 1996 to 2000, to 7.2% 



from 2006 to 2010. The pediatric death rate remained relatively stable over the study period 

(0.5% between 1996-2000 and 0.4% between 2006-2010). 

 

DISCUSSION 

Using the flow method, short-term projections of the number of CF patients were within 

5% of the actual values. However, when forecasting out 15 years, the methodology was 

inaccurate by as much as 30%. 

All forecasting methods have limitations as they are predicting the unknown. The flow 

method assumes that entering and exiting flow rates remain constant over time. When this 

method was applied to Canadian CF population data, this assumption held true over a short time 

period; however, did not over longer durations. In a population in which survival rates are 

continually improving, the long-term projections will be underestimated. Deaths due to CF are 

uncommon in the pediatric population. Therefore, improved survival will result in growth of the 

adult population preferentially. Underestimation of the future demographics of the CF population 

could result in insufficient infrastructure and resources to adequately care for adults living with 

this disease. Future resource planning should specifically target adults living with this disease. In 

previously published work, Burgel et al. initially validated the flow method by calculating a two-

year forecast and comparing the results to 2012 data from the French CF Registry, demonstrating 

a small (0.5%) overestimation (1). In a subsequent publication, a six-year forecast was calculated 

using mean flow rates from 2003 to 2009, and forecasted results were compared to the actual 

2015 French CF Registry data, with a 1.9% underestimation (2). Based on our results, long-term 

projections using historical data will be inaccurate if flow rates change substantially over time as 

this methodology does not account for changes in demographic trends.  



In conclusion, the flow method assumes that flow rates will remain constant (1). Over the 

studied time period, using Canadian registry data, flow rates remained relatively constant over 

five years; however, this was not the case over 15 years. CF care is rapidly evolving and new 

therapies, such as CFTR modulators. An observational study by Bessonova et al. reported that 

ivacaftor-treated patients have a decreased risk of death compared to comparator matched 

patients suggesting that these treatments will further improve health outcomes and result in 

further changes to the demographics of the future CF population (4).  As such, a dynamic long-

term forecasting method that takes into consideration changing rates over time is critical to 

enable accurate predictions, which will allow for resource planning to meet the needs of the 

changing CF population (5). 

 

Acknowledgements: We thank Cystic Fibrosis Canada for providing access to Canadian CF 

Registry data for this study, and we thank individuals living with CF and their families for 

allowing their data to be collected in the CF Registry to be used for clinical research.  



References 

 

 

1.Burgel PR, Bellis G, Olesen HV, Viviani L, Zolin A, Blasi F, et al. Future trends in cystic 

fibrosis demography in 34 European countries. Eur Respir J. 2015;46(1):133-41. 

 

2.Burgel PR, Bellis G, Elborn JS. Modelling future trends in cystic fibrosis demography using 

the French Cystic Fibrosis Registry: update and sensitivity analysis. Eur Respir J. 2017;50(2). 

 

3.Stephenson AL, Sykes J, Stanojevic S, Quon BS, Marshall BC, Petren K, et al. Survival 

Comparison of Patients With Cystic Fibrosis in Canada and the United States: A Population-

Based Cohort Study. Ann Intern Med. 2017;166(8):537-46. 

 

4.Bessonova L, Volkova N, Higgins M, et al. Data from the US and UK cystic fibrosis registries 

support disease modification by CFTR modulation with ivacaftor. Thorax 2018;73:731-740. 

 

5.Meira-Machado L, et al. Multi-state models for the analysis of time-to-event data. Stat 

Methods Medical Res. 2009;18(2):195-222. 

  



Figure 1: Actual vs. Projected (Short- and Long-term) Projections  
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