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1. INTRODUCTION

Using the unique resources for conducting epidemiological research in Denmark with 
personal identification numbers for all citizens and the existence of a number of unique 
population-based, nationwide administrative registries, we suggest carrying out seven studies 
with the overall objective of evaluating health-related and psychosocial aspects of NF1 in a 
large population-based setting. The study cohorts consist of a clinical NF1 cohort of patients 
affiliated to the two national Centers for Rare Diseases (CRD) and a register-based cohort of 
all patients hospitalized for or with existing NF1 in Denmark as well as a large population-
based comparison cohort. The specific aims are: 

• to screen for somatic (study 1) and psychiatric disease (study 2) throughout the different
phases of life as well as to assess the risk of adverse pregnancy outcomes (abortions and
stillbirths; study 3) in patients with NF1 in a nationwide population-based setting using
large-scale record linkage techniques with national health outcome registers.  Health-
related outcomes will be documented in retrospective cohort studies of 2484 patients in
the combined clinical and register-based NF1 cohort by linkage to nationwide health
registries and compared with those in population comparisons

• to measure how patients with NF1 manage the transition from child- into adulthood in a
similar approach by determining the following psychosocial and socioeconomic
achievements or life goals based on information obtained from national population-based
administrative registries: leaving home, cohabitation, and founding a family (study 4) as
well as educational attainment (study 5)

• to thoroughly investigate the psychosocial burden (depression, anxiety, quality of life)
(study 6) and impairment in cognitive functioning and need for professional support
(study 7) among adults with NF1 in the clinical cohort using questionnaire-based patient-
reported outcome measures (n=360) and neuro-psychological assessments performed by
trained psychologists in a selected sub-sample (n=100)

2. KEYWORDS

Neurofibromatosis type 1, population-based, nationwide, clinical epidemiology, somatic 
disease, mental disease, cohabitation, educational attainment, psychosocial burden, patient-
reported outcomes, neuropsychological assessments  

3. ACCOMPLISHMENTS

REFERRING TO THE FIRST ANNUAL REPORT 

Major goals of project for year 1: According to the latest revised version of the SOW with 
first year estimated to start up September 1 2014 (inserted below; the contract ended up 
starting July 1), the major goals/tasks for the first year were to obtain all approvals before 
starting up the project  (study 1-7) and to conduct data linkages and prepare for analyses 
(study 1-4). 
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Plan for next reporting period (year 2): Beside preparing the documents needed to be able 
to apply for HRPO approval to conduct studies 6 and 7, we stated in the first annual report 
that analyses would be conducted for studies 1, 2 and 4 and that a manuscript for study 1 
would be drafted and submitted; i.e., that the postdoctoral fellow (Line Kenborg) and the 
scientific assistant (Karoline Doser) would start drafting manuscripts for study 2 and 4. 
Finally, we stated that we would develop a website that gives an overview of ongoing 
activities within the project and which disseminates the results of the research activities. 

Accomplished under these goals 

Approvals: 

Within the first year, we accomplished to receive the initial approval from HRPO for all 
register-based studies 1-5, with the following limitation (see highlights below) (19 June 
2015):  

SUBJECT:  Initial Approval for the Protocol, “A Nationwide Population-Based Approach 

to Study Health-Related and Psychosocial Aspects of Neurofibromatosis Type 1,” Submitted 

by Jeanette F. Winther, MD, Danish Cancer Society Research Center, Copenhagen, 

Denmark, Proposal Log Number NF130037, Award Number W81XWH-14-1-0054, HRPO 

Log Number A-18370.i 

1. The subject protocol was approved by the Danish Cancer Society Research Center

Institutional Review Board (IRB) on 23 October 2014.  The US Army Medical Research

and Materiel Command (USAMRMC), Office of Research Protections (ORP), Human

Research Protection Office (HRPO) reviewed the protocol and found that it complies

with applicable DOD, US Army, and USAMRMC human subjects protection

requirements.
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2. The USAMRMC ORP HRPO approved this no greater than minimal risk study for the

enrollment of approximately 2,500 subjects in the five registry studies.  NOTE:   Separate 

HRPO approvals are required for the two additional studies embedded in this protocol, 

which include the questionnaire-based and patient reported outcome (study 6) and neuro-

psychological assessments (study 7). 

Approval of studies 6 (questionnaire-study) and 7 (neuro-psychological assessments) was 
postponed because it required evaluation of all patient material, which were not prepared at 
that time, as development of patient material including questionnaires for this special patient 
group is a task within this research program.  

Within this year (year 2), we have prepared all patient material for study 6 and 7 (See 
Appendix, pages 23-60). In June 30 2016, we applied for the permission from the Human 
Research Protection Office (HRPO) for final US approval to conduct these two studies (See 
Appendix pages 14-16 for cover letter to Derek T. Bowden, Human Subjects Protection 
Scientist, HRPO, ORP, US Army Medical Research & Material Command). 

Data linkages: 

Within the first year, we accomplished to 1) update the clinical NF1 cohort of patients 
affiliated to the two national Centers for Rare Diseases (CRD), 2) prepare a list of variables 
needed from the respective population-based registries to run the approved register-based 
studies (studies 1-5), and 3) send an request to the State Serum Institute and Statistics 
Denmark to obtain these data. 

Within this year (year 2), we have accomplished: 

- To select the population comparison subjects 

- To send the cases (NF1 patients) and the population-based comparison cohort to the 
State Serum Institute and Statistics Denmark to obtain individual-level data on all 
outcomes data needed to analyze the register-based studies (studies 1-5). 

- To have a final dataset ready for analyses for the register-based studies (studies 1-5). We 
have requested data from the following nationwide population-based registries: 

• The National Hospital Register (information on somatic disease)

• The Danish Psychiatric Central Research Register (psychiatric disease)

• The Medical Birth Register (birth variables including pregnancy outcomes)

• The Danish National Prescription Registry (prescription drugs)

• Statistics Denmark (leaving home, cohabitation, family, type and level of education)

Status on the respective studies: 

List of suggested studies in this grant application (those highlighted are ongoing; 

remaining studies not started up yet) 
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Part I. Health and pregnancy outcomes in patients with NF1 
Study 1: Somatic hospitalizations in patients with NF1 through all phases of life 
Study 2: Psychiatric hospitalizations in patients with NF1 through all phases of life 
Study 3: Adverse pregnancy outcomes in women with NF1 
 
Part II. The transition from child- into adulthood for NF1 patients  
Study 4: NF1 patients - Leaving home, cohabitation and founding a family 
Study 5: Educational attainment among patients with NF1  
 
Part III. Studies of the psychosocial burden and cognitive functioning and need for 

professional support among adults with NF1  

Study 6: Psychosocial burden and need for professional support among adults with NF1 
Study 7: Cognitive functioning and need for professional support among adults with NF1 
 

 

Within this year (year 2), we have accomplished:  
 

- To start up analyzing and drafting the manuscript for study 1 (still ongoing) 
 

- To start up drafting the manuscript for study 5 (started up with study 5 instead of study 
4, as originally stated in the section ‘Plan for next reporting period’ in the first annual 
report) (still ongoing) 

 
- To prepare all patient documents needed for the studies 6 and 7 to be able to apply for 

HRPO approval  
 
 
Study 1: Somatic hospitalizations in patients with NF1 through all phases of life 

 
Aim: 
The aim of this population-based study is to assess the risk of untoward somatic disorders in 
NF1 patients as measured by hospitalizations for diseases in all ages throughout life, 
compared to those in the general population. Dates and reasons for any hospitalization in 
these two cohorts between 1977 and today has been evaluated.  
 
Methods: 
The NF1 cohort includes 2517 NF1 patients. Further, 10 times as many population-based 
comparison subjects have been selected from the Central Population Register to measure 
rates of somatic morbidity in the background population. 
  
By linking both study rosters to the National Hospital Register (NHR), which records 
information on nearly 99% of all admissions to non-psychiatric hospitals in Denmark, we 
have identified dates and reasons for any hospitalizations in both the patients and the 
comparisons. Each hospital admission initiates a record, which includes the personal 
identification number of the patient, dates of admission and discharge, a primary discharge 
diagnosis, and up till 20 supplementary diagnoses coded according to a Danish version of 
the International Classification of Diseases ICD-8 until 1993 and thereafter to ICD-10.  
 
Discharge diagnoses have been grouped into 12 main diagnostic groups defined by the ICD-
8 and 10-classification (infectious diseases, malignant neoplasms, benign neoplasms, 
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endocrine disorders, diseases of blood and blood-forming organs, diseases of nervous 
system and sense organs, diseases of circulatory system, diseases of respiratory system, 
diseases of urinary system and genital organs, diseases of digestive organs, diseases of skin 
and subcutaneous tissue, and diseases of bone, joints, and soft tissue) as well as several 
diagnostic sub-groups.  
 
In a Cox proportional hazards model, we have estimated hospitalization rate ratios (HRRs) 
as a measure of the relative risk in the patient group compared to the population comparison 
group taking covariates into consideration and choosing age as the underlying time scale. 
Study subjects has been followed from birth or start of hospital register, which ever occurred 
latest, until age at first hospitalization using the date of admission, emigration, death, or the 
closing date of study, whichever occurred first. HRRs with corresponding 95% confidence 
intervals has been calculated for overall hospitalization and for hospitalization with a 
diagnosis within the main diagnostic groups (or selected sub-groups of specific interest), 
with population comparisons as referent. Excess absolute risks have been estimated as the 
differences in crude rates of hospitalization between patients and comparisons.  
 
Preliminary results: 
Comparing the observed and expected rates of hospitalization for overall somatic disease by 
attained age, preliminary data shows that NF1 patients are at an excess risk of being 
hospitalized in all age groups with the highest excess risk in the youngest and the oldest age 
groups. NF1 patients are at significantly increased risk of hospital admission for a somatic 
disease in nearly all 12 main diagnostic groups and in the vast majority of diagnostic sub-
categories. As expected, NF1 patients who have been diagnosed with cancer had even higher 
risks.  
 
A manuscript based on these findings is in preparation. 
 
 
Study 5: Educational attainment among patients with NF1  
 
A literature review has been conducted for this study and Karoline Doser has started drafting 
the introduction of this paper. Only sparse information is available about the academic 
performance of individuals with NF1 (Cutting & Levine, 2010; Gilboa, Rosenblum, Fattal-
Valevski, Toledano-Alhadef, & Josman, 2014; Krab et al., 2008; Orraca-Castillo, Estévez-
Pérez, & Reigosa-Crespo, 2014; Watt, Shores, & North, 2008). These studies have mainly 
investigated certain academic difficulties and disorders that might be a challenge during 
school-time for children with NF1 such as dyslexia and dyscalculia, attention deficits, and 
executive dysfunctioning. Only one study has reported on the impact of such difficulties on 
educational attainment reporting on repetitions of school grades (Coudé, Mignot, Lyonnet, 
& Munnich, 2006). 
 
Previous studies have been limited by failure to be population-based or to be based on a 
large number of patients and most previous studies were based on self-reports (or rated by 
significant others) (Coudé et al., 2006; Cutting & Levine, 2010; Gilboa et al., 2014; Krab et 
al., 2008; Orraca-Castillo et al., 2014; Watt et al., 2008) (See Appendix, page 61 for 
overview of previous published studies within this research area with details on study 
design, methods and outcomes studied as well as the reference list. 
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No study has ever reported on the highest educational level attained in adults with NF1. 
Additionally, no information about potential delays in achieving certain academic levels is 
available. Using a population-based approach, the present study will contribute with 
unbiased information on educational performance in adults with NF1. Education is an 
important and challenging life goal for anyone - but even more significant for this patient 
group.  

Studies 6 and 7: Psychosocial burden and need for professional support among adults with 
NF1 (study 6) and Cognitive functioning and need for professional support among adults 
with NF1 (study 7) 

Research assistant Karoline Doser started September 1, 2015 on this project and has so far 
focused mainly on studies 6 (questionnaire-study) and 7 (neuro-psychological assessments). 

During the review process of the original grant application to the US army, the reviewers 
had two major comments both related to study 7: 1) being lack of a control group and 2) the 
relatively narrow focus on Wechsler’s IQ test (WAIS-IV) – a test chosen primarily due to 
budget constraints. Thus, to meet the requests from the reviewers and to improve study 7, 
we have made minor design revisions, specific revisions to the psychological assessment 
study 7, and minor revisions to the questionnaire in study 6. For further details, see 
Appendix, pages 17-22 for cover letter to Derek T. Bowden and the document entitled ‘Life 
with Neurofibromatosis-NF1’, pages 17-22. 

Under the supervision of psychologist Pernille Envold Bidstrup and in collaboration with 
our clinical advisors and collaborators (Drs. John R Østergaard and Hanne Hove and our 
new collaborator clinical psychologist Jens Richardt Møllegaard Jepsen (see ‘Other 
organizations involved as partner’), Karoline Doser has developed the following patient 
material for studies 6 and 7: invitation letter, patient information, informed consent form and 
for study 6 also a questionnaire. As soon as we have the approval from HRPO, data 
collection will start up. 

Training and professional development: 

Postdoctoral traineeship 

One-on-one work: Line Kenborg has assisted Dr. Winther (her mentor) in the daily tasks 
related to the project. 

Also in year two, Line Kenborg has attended the weekly seminars at the Danish Cancer 
Society Research Center and she has been organizing journal clubs and teaching younger 
colleagues and students at these meetings. 

Line Kenborg has arranged at short research stay from 24 Oct-13 Nov 2016 at the 
Neurofibromatosis Institute, Los Angeles, USA and the Comprehensive Neurofibromatosis 
Clinic at Children´s Hospital, Los Angeles, USA with the overall purpose of clarifying 
further key elements of the natural history of NF1 and to discuss future collaborative studies 
with Dr. Vincent M. Riccardi and to visit Dr. Tena Rosser at her clinic in L.A. Children’s 
Hospital (see Appendix, pages 62 for letter from Dr. Vincent M. Riccardi, Director, The 
Neurofibromatosis Institute). 
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Dissemination to communities of interest: 

Nothing to report 
 

 

Plan for the next reporting period (year 3): 

During the next reporting period, analyses will be conducted for studies 2-5. Data collection 
will start up for studies 6 and 7 as soon as we have the HRPO approval. Manuscripts will be 
drafted and submitted as soon as analyses have been completed. See also section 5 below on 
changes/problems.   
 
Information on this research program can be found on the website of the Danish Cancer 
Society Research Center on the following link:  
 
https://www.cancer.dk/research/survivorship/childhoodcancersurvivors/svpcssneurofibromat
osis/ 

 
A website for this specific research program will be developed that gives an overview of all 
ongoing activities within the program and which disseminates the results of the research 
activities. 
 

 

4. IMPACT 

Nothing to report  
 
 
5. CHANGES/PROBLEMS 

 
Changes: 
 
As mention above in ACCOMPLISHMENTS in the paragraph ‘Status on the respective 
studies‘, study 6 and 7, minor design revisions, specific revisions to the psychological 
assessment study 7, and minor revisions to the questionnaire in study 6 have been made and 
is now under review by HRPO. 
 
Problems: 
 
We are a little behind schedule. Postdoc Line Kenborg, who will be the first author for the 
register-based studies 1-3 is on maternity leave. Further, we await the permission from 
HRPO to be able to send out questionnaires (study 6) and start up patient interviews (study 
7). Karoline Doser will be the first author of these two studies as well as the first author of 
the register-based studies 4 and 5. 
 
I have, however, a large team of senior researchers and postdocs on this project, so other 
researchers within the team might take over the responsibility for writing up some of the 
papers to meet the deadlines.  
 
At the moment, I consider to apply for a 1 year no-cost extension of the project. Whether 
this will be needed depend on when I receive the HRPO approval for the studies 6 and 7, as 
data collection for these two studies is time consuming.  
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6. PRODUCTS 

 

• A full dataset on somatic disease in NF1 patients and in 10 times as many 
population-based comparison subjects based on discharge diagnoses obtained from 
the National Hospital Register.  

• Patient information in Danish (and English) (see Appendix, pages 23-60) 

• A questionnaire consisting of a standardized part (Pediatric Quality of Life 
Inventory-NF1 Module (PedsQL)) translated into Danish and a part on 
demographics, socioeconomic status, and need for professional support developed 
within our research group (See Appendix, pages 32-50) 

 
 

7. PARTICIPANTS AND OTHER COLLABORATING ORGANIZATIONS 

 
Individuals who have worked on the project  

 

Name: Jeanette Falck Winther 

Project Role: PI 

Researcher 

Identifier (e.g. 

ORCID ID): 

ORCID ID: 0000-0002-3440-5108 

Nearest person 

month worked: 
1 

Contribution to 

Project: 

Dr. Winther has been overall responsible for the project and for the 

overall coordination of the project including contact with internal and 

external collaborators on the project and all contact with the US Army 

Funding Support: See section ‘Change in the active other support’ below 

 

 

Name: Line Kenborg 

Project Role: Postdoctoral fellow 

Researcher 

Identifier (e.g. 

ORCID ID): 

- 

Nearest person 

month worked: 
4,5 months 

Contribution to 

Project: 

Line Kenborg has assisted Dr. Winther by being responsible for the 

daily tasks related to the project and she has drafted the paper on 
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somatic disease in NF1 patients (still ongoing) until her maternity 

leave (mid-December till September 2016) 

Funding Support:  - 

Name: Karoline Doser 

Project Role: Research assistant 

Researcher 

Identifier (e.g. 

ORCID ID): 

ORCID ID 0000-0002-2746-3326 

Nearest person 

month worked: 
10 

Contribution to 

Project: 

Karoline has developed the patient material for the studies 6-7, set 

up a questionnaire consisting of a set of standardized measures as 

well as several self-developed questions on demographics and 

socioeconomic status, translated the Pediatric Quality of Life 

Inventory – NF1 Module (PedsQL) based on the standardized 

linguistic validation procedure, made a review of the literature for 

study 5 on educational attainment among NF1 patients and has 

started up drafting the manuscript. 

Funding Support: 

Karoline Doser has applied the Innovation Fund Denmark and the 

Lundbeck Foundation for further funding including her salary for one 

year (to combine with the two years of salary from the US Army) with 

the overall purpose of being enrolled at the University of 

Copenhagen as a PhD student 

Name: Anne Katrine Duun-Henriksen 

Project Role: Statistician 

Researcher 

Identifier (e.g. 

ORCID ID): 

- 

Nearest person 

month worked: 
6 months 

Contribution to 

Project: 

Anne Kathrine Dunn-Henriksen has prepared data for analyses and 

has analyzed data on somatic disease in NF1 patients  
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Funding Support: - 

 

 

Name: Doris Shannon Rohrer  

Project Role: Project assistant  

Researcher 

Identifier (e.g. 

ORCID ID): 

- 

Nearest person 

month worked: 
4,5 months (working hours: 20 hours per week) 

Contribution to 

Project: 

Doris Rohrer has assisted Dr. Winther and her team in the daily tasks 

related to the project 

Funding Support: - 

 

 

 

Change in the active other support of PI/key personnel: 

 
Jeanette Falck Winther 

 

The following grant has now closed:  
 
Title: Adult Life after Childhood Cancer in Scandinavia (ALiCCS) 

 
Time commitment: 50% 

 
Supporting agency: The Danish Council for Strategic Research (grant no. 09-066899) 

 

Address of the funding agency’s Grant Officer: Ministry of Science, Innovation and Higher 
Education  
Slotsholmsgade 10, 1216 Copenhagen K, Denmark. No specific grant officer. 

 

  Performance period: January 2010 to December 2014 
 
  Level of funding:  90%, Role: Co-investigator 
 
  Goals and aims of the study: To study late effects after treatment for cancer in a combined      

Nordic cohort of childhood cancer survivors. Detailed knowledge on late effects according 
to type of childhood cancer will strengthen the possibilities of planning preventive 
initiatives. The overall goal is to prevent and minimize late effect among childhood cancer 
survivors. 
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  The following grants are new active grants: 
 

1)  

Title: Adult Life after Childhood Cancer in Scandinavia (ALiCCS): Socioeconomic 
consequences of long-term survival 
 

Time commitment: 16,7%   
 
Supporting agency: NordForsk 
 
Address of the funding agencies Grant Officer: NordForsk, Stensberggata 25, NO-0170 
Oslo; Grant officer: Senior adviser Maria Nilsson, PhD 
 
Performance period: January 2016 - December 2018 
 

Level of funding:100%; Role: PI 
 

Goals and aims of the study: To evaluate the socioeconomic consequences of surviving 
childhood cancer in a Nordic setting.  

 
 

2) 

Title: Adult Life after Childhood Cancer in Scandinavia (ALiCCS) – in depth evaluation of 
late effects including detailed treatment information and organ radiation dosimetry 
 

Time commitment: 0% (funds to pay radiophysicists at Aarhus University Hospital, Skejby 
and at M.D. Anderson Cancer Center in Houston, Texas for conducting organ radiation 
dosimetry)  
 
Supporting agency: The Danish Childhood Cancer Foundation 
 
Address of the funding agencies Grant Officer: The Danish Childhood Cancer Foundation, 
Dampfærgevej 22, P.B. 847, DK-2100 Copenhagen, Denmark - no specific grant officer 
 
Performance period: November 2015 - December 2018 
 

Level of funding: 100 %; Role: PI 
 

Goals and aims of the study: To evaluate organ radiation dosimetry (scattered radiation to a 
variety of organs from the tumor field in children treated for cancer) to be used for several 
case-cohort studies designed to investigate associations between specific elements of 
treatment regimens and risk of late effects conducted within the original ALiCCS research 
program supported by the Danish Council for Strategic Research.  

 
 

3) 
Furthermore, I have received a small donation from the staff of a Danish bank (Jyske 
Bank/BFR-Kredit) to support the ALiCCS research program.  
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Other organizations involved as partners: 

Clinical psychologist Jens Richardt Møllegaard Jepsen, M.Sc., Psychiatric Center 
Copenhagen, Copenhagen University Hospital Bispebjerg in Denmark is a new collaborator 
coming into our team. Sharing his experience and expertise with us, Jens R. M. Jepsen has 
generously offered as an unpaid collaborator to be in charge of training psychology students 
for conducting the neuropsychological assessment. Using this approach rather than using 
independent psychology consultants allows us to re-allocate financial resources to address 
the limitations of our study 7 raised by the reviewers. Jens Richardt Møllegaard Jepsen will 
contribute to study 6 and 7. 
 
Dr. John M Mulvihill, MD, Professor of Pediatrics, The University of Oklahoma, Health 
Sciences Center, has been invited into our team as an unpaid collaborator. Dr. Mulvihill is a 
clinical geneticist with great expertise within this research field. Having him as an adviser 
and collaborator will be a great contribution to the clinical aspects and the science of this 
research program.  

 

8. SPECIAL REPORTING REQUIREMENTS 

Nothing to report 
 
 

9. APPENDICES 
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