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Abstract 
Background Cystic fibrosis (CF) is a multiorgan disease affecting the 
lungs pancreas and gastrointestinal tract. Pulmonary complications 
are the most common manifestation of the disease. Recent advances 
in the treatment of pulmonary complications have resulted in 
substantial improvement in life expectancy. Less than 10% of persons 
with CF (PWCF) develop liver disease (CFLD). There is conflicting 
evidence about impact of liver disease on mortality in CF, with 
evidence suggesting that CFLD contributes to increased mortality in 
CF, while other studies suggest that the impact on mortality is limited. 
Understanding the contribution of liver disease to mortality in CF is 
essential if further improvements in life expectancy are to be 
achieved. 
Objective: To document the impact of liver disease on life expectancy 
for PWCF. 
Methods: This systematic review will be conducted in compliance with 
the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Protocols (PRISMA-P 2015). PubMed, Medline and Embase will 
be searched for English language publications (1949-2020). Studies 
reporting the outcome for CFLD will be included where the definition 
of CFLD is outlined clearly in a CF population. Studies with and without 
a comparator will be evaluated. Clinical trials of ursodeoxycholic acid 
will be excluded as well as organ transplantation outcome studies. We 
will examine all-cause and specific causes of mortality.We will include 
transplantation in our estimates of all-cause mortality. The Axis Risk of 
Bias Tool for Observational Studies will be used to evaluate the quality 
of studies. We will provide a narrative synthesis of our findings using 
tabular formats to highlight any impact of liver disease on mortality in 
CF. 
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Conclusion: It is anticipated that this review will bring clarity to the 
question of whether CFLD shortens life expectancy in PWCF and 
stimulate new approaches to the management of CFLD.
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Introduction
Rationale
Cystic fibrosis (CF) is an autosomal recessive disease affecting  
the lungs, pancreas, gastrointestinal and biliary tract due to muta-
tions in the CFTR gene1,2. Recent advances in the management of 
CF have resulted in substantial improvements in life expectancy  
for persons with CF (PWCF)3. Today, children born with CF in 
Europe or the USA can expect to survive at least into their fifth  
decade4. However, while the management of pulmonary com-
plications of CF has greatly improved, complications such as  
cystic fibrosis liver disease (CFLD) contribute to increased  
morbidity and mortality in CF5–8.

CFLD is a complex form of liver disease, the pathophysiology 
of which is poorly understood. CFTR is expressed on the biliary  
epithelium, resulting in abnormalities in the composition, con-
sistency and flow of bile with obstruction of small intrahepatic  
bile ducts9. The damage, which is localized to the intrahepatic 
ducts, leads to portal tract fibrosis with well-preserved hepatic  
architecture. However, while historically it was considered that 
CFLD was as a result of damage caused by abnormalities in  
bile consistency and flow, more recent evidence suggests that  
non-cirrhotic portal hypertension may be the predominant patho-
physiology of CFLD in some patients10. Supporting the concept 
of non-cirrhotic portal hypertension is that portal hypertension  
is a relatively early feature of the disease in the presence of well-
preserved synthetic function. This, in contrast to other forms  
of pediatric liver disease, makes early diagnosis of CFLD  
particularly problematic11.

The prevalence of CFLD ranges from 10–30%, depending on 
the criteria used to define liver disease, but less than 10% of  
PWCF have CFLD with portal hypertension9,12. To date there is 
no definitive diagnostic investigation to confirm or rule out the 
presence of CFLD and clinical examination by an experienced  
hepatologist still remains the gold standard for the diagnosis of 
CFLD13. While there are a number of diagnostic criteria, there 
is no coherent diagnostic algorithm for the diagnosis of CFLD.  
There is, however, an emerging consensus that the liver disease 
status of PWCF should be subdivided into three groups: (i) those  
with severe CFLD with portal hypertension; (ii) those with 
moderate or non-specific changes including biochemical and 
radiological evidence of liver disease, which do not fulfill stand-
ard criteria for portal hypertension; and (iii) those with no 
evidence of liver disease12,14,15.

The onset of CFLD is usually in the first or second decade, with 
few reports of new onset liver disease in adult life9,11–13. Once a  
diagnosis is established, there are no clinical indicators that  
predict disease progression in children or adults11.

There is no treatment for liver disease in CF until end stage  
liver disease is well established, when liver transplant may be  
considered in certain circumstances.

There is ongoing debate as to whether CFLD shortens life  
expectancy in CF, with some authors suggesting that liver dis-
ease does not affect outcome16–18, while we and others have shown  
that CFLD is associated with a worse prognosis5,8,19. If life  
expectancy for PWCF is to be further improved, clearly identify-
ing risk factors for mortality that may be amenable to treatment  
is important.

No systematic review (SR) yet exists examining evidence 
that liver disease is a risk factor for mortality in CF (Prospero  
International Prospective Register of Systematic Reviews,  
Cochrane Database of Systematic Reviews accessed May 2020). 
That the literature in the field is equivocal is understandable  
for many reasons. CF is a rare disease and less than 10% of 
PWCF will develop clinically significant liver disease. There-
fore, large, well conducted epidemiological studies with adequate  
follow-up are difficult to conduct. The diagnosis of CFLD is  
not straightforward and relies on phenotypic characteristics of 
the disease rather than a conclusive diagnostic test and there-
fore, national CF registries have difficulty capturing the preva-
lence or outcome for CFLD. In fact, three recent studies using 
national registry data have all used different criteria to define 
CFLD, and have all struggled to accurately measure follow-up 
because it is impossible to pinpoint with any accuracy the onset of  
CFLD19–21. Compounding all of these factors is the compli-
cated nature of multidisciplinary care in CF, the complexity of 
data capture and interpretation across the transition from pae-
diatric to adult care. Adult reports of CFLD have focused on 
liver related mortality, and for the most part have concluded that  
CFLD is not a risk factor for mortality17,18. However, studies 
that have included adult and children and have examined all-
cause mortality have demonstrated that CFLD is a risk factor for  
reduced life expectancy in CF5.

We hope that this SR will bring clarity to the field and deter-
mine if liver disease in CF shortens life expectancy. We will 
compare (i) all-cause mortality (to include hepatic, pulmo-
nary, non-CF related mortality combined with the number of 
reported  transplantations (liver or lung) and (ii) specific causes of 
mortality (hepatic, pulmonary) in those with CFLD to those with 
CF but no evidence of liver disease for each study. We appreciate 
that there are significant weaknesses in many of the published 
studies in the field, and the heterogeneity in the published 
studies prevents any form of meta-analysis. However, we 
hope that by documenting the outcome of published research 
in a straightforward, tabular form, we will drive further col-
laborative research to improve clinical care pathways for PWCF 
who have liver disease.

          Amendments from Version 2
In this version, we have clarified that included studies must 
provide an estimate of the prevalence of CFLD in the CF 
population/s from which the study sample is drawn. This was 
included in the Summary of Evidence Tables but not specifically 
stated in the Methods.

Any further responses from the reviewers can be found at 
the end of the article

REVISED
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The aim of this SR is to evaluate the impact of liver disease on 
mortality in cystic fibrosis. We will examine all-cause mor-
tality rates as well as specific mortality rates for pulmonary, 
hepatic causes of death for persons with CFLD and compare 
them to mortality rates in those with CF but no evidence of 
liver disease (comparator group).

Objectives
This SR will address the following question: What is the impact  
of liver disease on mortality in cystic fibrosis?

The proposed SR will address the following objectives: 

  i.    �Examine crude and population-based mortality rates  
for participants with CFLD.

 ii.    �Determine if liver disease contributes to an excess  
mortality in those with CFLD.

iii.    �Identify risk factors that may influence the mortality  
for patients with CFLD such as age, gender, FEV1,  
height, weight BMI and diabetes.

iv.    �In studies which report on the outcome of CFLD we 
will document the  number of persons with CFLD 
who receive a liver transplant, lung transplant, or liver 
and lung transplant and typo include the number of 
transplants in the final estimate of all-cause mortality 
(see section Outcome Page 5). Studies reporting 
outcome data for Transplant Registries will be excluded 
because the number of PWCF evaluated for liver 
transplant, listed for transplant or listed but not trans-
planted is rarely if ever reported

There is no intervention examined. The secondary aim of this 
SR is to provide clarity for clinicians on the risks associated with  
liver disease in CF, and help inform clinical care pathways for  
children and adults with liver disease in CF.

Methods
Eligibility criteria
Study design. We will include studies examining the outcome  
for liver disease in CF, in adults or children or both. Observational 
studies, including cross-sectional, retrospective and prospective/ 
cohort/follow-up studies in any clinical care setting for 
PWCF will be included. Included studies must provide an  
estimate of the prevalence of CFLD in the CF population from  
which the study sample is drawn. We will include studies which 
used the definition of CFLD proposed by NACFF1 or Eurocare  
Guidelines2 or studies that limit their study population to  
participants with clinical or radiological evidence of portal  
hypertension, i.e. clinically palpable spleen with or without 
low platelet count or an enlarged spleen on ultrasound (>2 SD  
above spleen size for age or >13 cm in those over 17 years 
of age). While the optimal comparison is PWCF with no  
evidence of liver disease, we will include data from studies  
which do not have a comparator group. Studies where CFLD 
is not the primary outcome of the study, but which report liver  
disease as a risk factor for mortality or report the number of  
participants who are classified as CFLD and die will be 

included. There is no restriction on the duration or type of  
follow-up studies included. Studies using CF-specific registry 
data will also be included if there are no violations of the 
exclusion criteria. In studies where only summary data 
are presented, we will seek further information from the  
corresponding author. We will include only English language  
publications, where full text of the article is accessible.

Time frame. Studies since the first reports of CFLD in 1949  
until September 21st 2020 will be considered, but with the 
acknowledgement that the treatment of CF and the definition 
of CFLD has evolved since the first reports of CFLD. Older 
studies which do not provide information on mortality or 
which only report post mortem data will be excluded.

Outcome. The outcome for this study is mortality. We  will 
define  all-cause mortality as death from any cause including 
hepatic, pulmonary, other CF related causes, non-CF related 
causes and transplantation. We will combine transplantation data 
(liver or lung) with mortality data as transplantation represents 
the death of the patients own organ. We will subdivide all-cause 
mortality into hepatic pulmonary, other and transplantation. 
Outcome data from transplant registries (see above) will be 
excluded.

Exclusions. It is a concern for many in the field that there is 
a limited number of publications on the outcome of CFLD. In  
addition, many studies are poorly designed or described, with 
short follow-up, or report liver related mortality as the only  
outcome. This review will seek to perform a systematic and  
comprehensive review in the field and therefore will not  
exclude studies because of less than optimal study design, 
small sample size or where only liver related outcomes are the  
primary aim of the study. We will however carefully evaluate  
the quality of the studies and report the risk of bias (see  
below).

Specifically, studies fulfilling any of the following criteria will  
be excluded: 

•    �Studies where the definition/identification of liver  
disease in CF is vague and poorly described will be 
excluded.

•    �Studies that examine the outcome for multiple causes  
of liver disease (e.g. biliary atresia, metabolic storage  
disorders, viral hepatitis) in children or adults.

•    �Studies where the number of reported participants  
with CFLD is small (<5) will not be included.

•    �Randomized trials of ursodeoxycholic acid for the  
management of CFLD will be excluded.

•    �Studies of autopsy results will not be included unless 
they include a comprehensive report of the CF population 
with CFLD that gave rise to the autopsy report.

•    �Studies that describe the outcome of transplanted 
organs (liver, lung, lung and liver) based on transplant  
registry data, with no reference to the underlying  
population of persons with CFLD who did not receive 
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a transplant will be excluded. Most of these transplant  
registry studies focus on the success of the transplanted 
organ rather than the outcome for the person with  
CFLD.

•    ��All reviews including SRs will be excluded.

Classification of CFLD. The classification of CFLD is  
evolving and therefore we will include a range of classifica-
tions such as that described by Colombo et al.16, the NACFF1 
and European Classifications2 and more recent classifications 
used by Cipolli et al.3 and Palls et al.4 as well as other classifi-
cations where there is well described homogenous groups of 
research participants with only minor differences in terminology 
or inclusion criteria.

The following definitions of CFLD will be used to divide 
studies into 2 groups;

Group 1 Studies
Based on the North American Cystic Fibrosis Foundation 
Guidelines and the European Guidelines which consists of 2 
categories of liver disease (clinically significant cystic fibrosis 
liver disease (CFLD) and moderate or non-specific changes 
suggestive of LD (NSCFLD) Specific Criteria are:

Cystic fibrosis liver disease (CFLD). Participants with CFLD 
have evidence of clinically significant liver disease based on  
clinical examination and/or radiological evidence of portal  
hypertension. Clinical evidence of CFLD is defined as: (a) palpa-
ble firm liver on clinical examination with or without splenom-
egaly; (b) in the absence of a firm liver, a clinically enlarged  
spleen, with or without hypersplenism, having ruled out of  
other causes of splenomegaly or portal hypertension. Radiologi-
cal evidence of portal hypertension is defined as: (a) spleen size  
of +2 SDs above the mean for age; (b) spleen size greater than 
13 cm in those over the age of 17 years. Histological evidence 
of CFLD is also included in this category, as well as evidence  
of oesophageal varices or venous gastropathy at endoscopy.

Non-specific cystic fibrosis liver disease (NSCFLD). 
Participants with NSCFLD have some clinical radiological or 
biochemical liver abnormalities but do not meet the criteria for 
CFLD. Clinical characteristics include a soft palpable soft 
liver, which does not have the firm characteristic of CFLD. 
Radiological parameters include changes to the appearance of 
the liver on ultrasound but which do not meet criteria for portal 
hypertension. Biochemical evidence of liver disease include 
persistent abnormalities of liver biochemistry above the upper 
limit of normal.

No liver disease (NoLD). Participants with NoLD have no  
clinical, radiological or biochemical abnormalities consistent  
with NSCFLD or CFLD and these constitute the comparator 
group.

Group 2 Studies
Multilobular biliary cirrhosis associated with portal hypertension 
as defined by as splenomegaly based on clinical examination, 

ultrasound or magnetic resonance imaging and with or without  
laboratory evidence of hypersplenism.

Information sources
Ao and DS (College Liaison Librarian for the College of  
Health and Agriculture), developed the literature search 
strategies using words related to cystic fibrosis liver disease and 
outcome, all-cause mortality and liver specific mortality. The 
following databases will be searched: PubMed, Embase and 
Web of Science from 1949 to a final search date in September 
2020. The reference list of included studies will be screened for 
additional papers. Proceedings of the North American Cystic 
Fibrosis Conference and European Cystic Fibrosis Confer-
ence will be searched between 2000 and 2019 and any abstracts 
that have been published in full included. For recent manuscripts 
with restricted access, we will request a soft copy from the 
authors of the manuscript where feasible or crude data if 
possible. The literature search will be limited to English lan-
guage publications where full texts are available. Case reports/ 
series will be reviewed to determine if they meet the inclusion 
criteria. Research letters will be considered if they describe 
specific information on outcome of CFLD and are not published 
subsequently or previously as longer manuscripts. Reviews 
of any nature will not be included. We will circulate a bibli-
ography of the included articles to the SR teams as well as to 
the CFLD clinical expert.

Search strategy
No study design, or time frame will be imposed on the search.  
Due to resource limitations, only studies published in English 
will be included. PubMed, Embase and Web of Science will  
be searched. DS will oversee the specific search strategies. 
The search will be developed with input from the project team  
led by AS. The following search strategy terms will be used 
and adapted with relevant thesaurus terms for each database:  
((“Cystic Fibrosis” OR “Mucoviscidosis” OR “Vaincre la Muco-
viscidos”) AND (“Liver Disease” OR “Liver Dysfunction” OR  
“Hepatic Diseases” OR “Portal vein hypertension” OR “Portal 
hypertension” OR “Portal congestion” OR “Liver cirrhosis” OR 
“Hepatic cirrhosis” OR “Liver fibrosis” OR “Hepatic fibrosis” 
OR “Liver disorder” OR “Hepatic disorder” OR “Liver illness” 
OR “Liver failure” OR “Hepatic failure” OR “Cystic Fibrosis 
Liver Disease” OR “Cystic Fibrosis Associated Liver Disease”  
OR “Cystic Fibrosis-Associated Liver Disease” OR “Cystic 
fibrosis-related Liver disease” OR “Cystic fibrosis related liver  
disease” OR “CF-related Liver Disease” OR “CF-associated 
liver disease” OR “CFLD” OR “CFALD” OR “CFRLD)) AND  
(“Mortalit*” OR “Death” OR “Death Rate” OR “Survival Rate” OR 
“Survival Time” OR “Survival Probability” OR “Mean Survival” 
OR “Cumulative Survival” OR “Fatality” OR “Fatality Rate” OR 
“Case Fatality Rate” OR “Fatal Outcome” OR “Lethal Outcome”).

The search strategy will be validated to ensure that the strat-
egy retrieves a high proportion of eligible studies (May 2020).  
The search will be updated toward the end of the review to 
ensure any recent publications are included in the review  
(September 2020). Both Cochrane and PROSPERO will be  
searched for ongoing or published SRs in the area of CFLD (May 
2020).
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Study records
An electronic laboratory notebook will be used to manage 
the progress of the SR. It will be hosted on Google Drive  
(University College Dublin, UCD) where all authors will  
have access to the documentation.

AO and MR will be responsible for ensuring that any amend-
ments to the protocol are documented appropriately as well 
as recorded in the electronic laboratory notebook. Scheduled 
meetings via Zoom or in person will take place on a two weekly 
basis and decisions recorded in the electronic lab book. If the 
protocol needs amendment, each amendment will be dated, and 
a new version of the protocol created (version and date), together  
with a description the issue that gave rise to the problem, the  
rationale for the change and the change/s made added to  
the protocol. Each numbered amendment and appear in the 
Study Records section of the Protocol.

Data management. Following a search of the electronic data-
bases, the final number of studies from all three electronic  
databases will be imported into Endnote and duplicates (two 
copies of the same paper) removed, as well as reviews. The  
Endnote database of included studies will be imported into  
Rayyan QCRI. Rayyan is a free web-based application, devel-
oped by Qatar Computing Research Institute (QRCI) that  
supports screening of abstracts and titles using a process of 
semi-automation while incorporating a high level of usability.  
We will initially pilot and test the process of screening and  
ensure that all reviewers are interpreting the inclusion and  
exclusion criteria appropriately.

Rayyan will be used to screen titles and abstracts against inclu-
sion and exclusion criteria. Rayyan allows both independent and 
collaborative screening of abstracts by reviewers as well as links 
to full text of the published papers. Outcome of the decisions  
in Rayyan will be tracked using the PRISMA flow chart, and  
the electronic laboratory notebook (AS).

Selection process. Once the data has been imported in Rayyan 
QRCI, the number of studies (alphabetical order) will be  
divided between the two groups of reviewers (group 1 AS, MR; 
group 2 LC, EF). This will be a staged process as follows. In  
Stage 1, study title and abstract will be screened against the 
inclusion and exclusion criteria and studies that do not meet the  
criteria will be excluded. The review of studies in Rayyan will be 
done independently by both members of each team in Stage 1.  
Any articles in conflict in Stage 1 will be reviewed as full text 
in Stage 2 and the conflict discussed and resolved by the team.  
If difficulties persist, the conflict will be resolved in discussion  
with the other team.

In Stage 2, full text articles of all potentially eligible papers 
(“Include” and ‘Maybe’ classification in Rayyan) will be inde-
pendently reviewed by each member of the team (50% of  
studies for each team) against the eligibility criteria. If a study 
meets the inclusion criteria and none of the exclusion criteria it  
will be included in the review. Any studies in conflict will be 

reviewed with members of the other team and a consensus  
reached. We will record all decisions for excluded studies in  
Rayyan, in the electronic lab notebook.

To avoid double counting, publications from the same CF  
centre/s or national CF database that examine a similar popula-
tion/cohort using a previously reported definition of CFLD and  
outcome will receive particular scrutiny. BB will facilitate 
discussions of possible double counting of publications and 
where double counting is highly likely, only one publication 
will be included in the tables. This scenario is likely with reports 
of follow-up at different time points, and only the longest 
follow-up study will be included in the tables. In the inter-
est of fairness, the earlier study will be noted specifically in the 
exclusion section in our manuscript.

Hand searching of references of included studies (AO, LC) will 
take place after the initial studies for inclusion are selected, and  
any missing studies added to the database and assessed for  
inclusion as per above.

An account of all decisions made during this process will be  
documented in electronic format and the protocol updated if  
any deviation from the original protocol is necessary (AS).

Data collection process. Information will be extracted from eligi-
ble studies using a summary of evidence table V2 (see Extended 
data DOI https://doi.org/10.5281/zenodo.4032408)22. The sum-
mary of evidence table has been developed for this SR with the  
involvement of all the reviewers and BB. Parameters included 
study design and analysis, time frame, definition of CFLD,  
baseline population characteristics and risk factors for mortal-
ity. The denominator in the included studies, in particular the  
denominator of the eligible population or the denominator for 
mortality rates clarified for us which studies would not meet 
inclusion criteria e.g. studies based on transplant registry data. 
We selected three studies that we felt were representative of the 
field and each reviewer evaluated the table for ease of comple-
tion, clarity, and understanding of the meaning and scope of vari-
ables to be collected. We also discussed the recording of missing 
or not reported data. Following two rounds of data extraction, 
discussion and some amendments, the final Summary of Evi-
dence Table was adopted by the group. No evaluation of observer  
variation was undertaken.

Each reviewer will upload their completed tables onto the shared 
Google Drive. There is a specific focus on the definition of  
CFLD used in eligible studies (with a list of different defini-
tions included, and assignment to one of 2 groups of stud-
ies (see above), the implications of the definition used for the  
risk of bias in the study, and the clarity with which informa-
tion on the numerator, denominator, and time frame is described  
so the crude or standardised mortality rates can be obtained or  
estimated with confidence. We will also evaluate where pos-
sible the number of persons with CFLD receiving a transplant  
(liver, lung, lung and liver). In this evaluation we will not 
include any study that uses transplant databases as the source of  
their data.
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Where data is presented as summary measures or there is 
important missing data in studies after 2005, we will attempt to  
make contact with the corresponding or senior authors by 
email (n = 2) to request, where possible, anonymous raw data.  
This is a small research community and our collaborator BB  
will facilitate the process of ensuring that all such requests  
are received by a senior author of the study.

Data items
The summary of evidence table (see Extended data https:// 
doi.org/10.5281/zenodo.4032408)22 will be completed indi-
vidually by AO, EF, MR. The summary of evidence table will 
include the following data extraction fields (definitions provided  
as necessary): 

•    �Bibliographic information

•    �Aims (as stated in study)

•    �Study design and time frame of the study

•    �Study population (single institution, multiple institutions, 
national/regional, national registry data, combination  
of above.)

•    �Classification used for CFLD with a particular focus 
on the clarity of the application of any cited definition  
including Koh15, Colombo16, European12 or North  
American classification14. Other reported modifications  
of CFLD classification3,4. As outlined above we will 
divide publications into 2 groups based on the definition  
of CFLD used (Page 6), and the reviewer will determine 
which classification is used and abstract risk factors 
and mortality data accordingly..

•    �Classification of portal hypertension.

•    �Exclusion criteria used in the study, with particular  
emphasis on the handling of liver, lung or lung and  
liver transplantation.

•    �Identification of the size of population from which  
the study population is drawn and the number of par-
ticipants included in the analysis will be extracted for  
each study.

•    �Demographic and baseline data reported including age, 
gender, genotype, height, weight, body mass index,  
pulmonary function, meconium ileus (MI), treatment  
with ursodeoxycholic acid and presence of CF related  
diabetes, and the criteria CFRD used to define CFRD.

•    �Outcome data. Raw data on the number of deaths com-
bined with the number of transplants (liver or lung), the 
proportion to the population who die or are transplanted 
in the CFLD group and comparison group, the duration 
of follow-up, the cause of death.

•    �Death rates/proportions will be collected for all-cause  
mortality that is the  combined death rate for liver, pul-
monary or other causes of death and  the number of 
transplants reported. Post transplant mortality will not be 

evaluated. Specific mortality rates for hepatic pulmonary 
other and transplants performed will be extracted.

•    �Crude and standardised mortality rates as presented in  
the study will be extracted and if possible, extrapolation  
of data to a standard rate will be attempted.

•    �Risk factors for mortality if reported will be extracted 
including age, gender, nutrition and pulmonary  
function, CFRD and abnormal laboratory parameters.

The summary of evidence table will be piloted for clarity and 
completeness. The table will be available for use in soft or hard  
copy, and the output computerised in Microsoft Excel for analy-
sis. A synthesis of the findings will be carried out and if there is  
sufficient data available, or if there is a possibility of getting  
raw data from authors, a more detailed analysis will be conducted.

As this review spans over 70 years, reporting of research stud-
ies as well as the management of CF has changed dramatically.  
While consideration of this factor is important, missing and/
or unclear information will be noted and reported in summary  
tables with specific focus on the lack of information on the  
CF population from which the cohort is drawn and how the  
comparator population is selected.

AO, EF, MR will be involved in data extraction and  
discrepancies resolved by consensus.

Outcomes and prioritization
The primary outcome for this study is the mortality in persons 
with CFLD compared to PWCF with no evidence of liver dis-
ease. We know there is variability in how the data are reported in 
different studies. We will collect crude mortality rates (percent-
ages) or rates as a function of follow-up (person years) for those 
with CFLD (according to the two groups of studies outlined 
previously). Other outcome measures considered include 
median survival age and age at death.

All-cause mortality will be the combined number of deaths 
and transplants (liver, lung, heart) because transplantation repre-
sents a failure of the native organ. We will also provide specific 
mortality rates for pulmonary, hepatic and other causes of 
death. We will extract data on the number of transplants reported 
but we will not examine mortality post transplantation, as 
this is beyond the scope of this SR. We will not consider 
factors related to the age of diagnosis of CFLD or survival/ 
mortality after diagnosis of liver disease. We will only consider 
mortality in those who meet standard criteria for the diagnosis 
of CF (sweat chloride >60mEqv, two disease causing mutations 
in the CFTR gene, or one disease causing mutation in the 
presence of a classical clinical picture of CF).

Outcome data measured are hard end points in this review.  
Composite, soft or patient reported outcomes will not be  
considered. The language in the review will use the words  
mortality and outcome interchangeably.
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Risk of bias in individual studies
To assess the risk of bias within included studies we will use 
The critical Appraisal tool for Cross-Sectional Studies (AXIS)23 
(see Extended data https://doi.org/10.5281/zenodo.4032408)22. 
Each paper’s risk of bias will be scored as ‘Yes’, ‘No’, ‘Don’t 
Know’ based on the study design, description of the popula-
tion from which the sample is drawn, the comparator group, 
relevant classification of liver disease and description of risk  
factors and outcome measures used including duration of 
any follow-up. This will facilitate the needs of this particular 
review because we know that the risk of bias is high in most  
publications and it will help identify potential bias and 
improve transparency of the assessment between reviewers. 
Scoring will be done independently by AO, EF, MR follow-
ing refresher training and piloting of the assessment on three 
studies selected at random and completed individually by all 
three reviewers. MR, and AS have previous experience of  
using the AXIS critical appraisal tool.

No study will be excluded because of the risk of bias; 
however, we will group studies in tabular form based on their 
risk of bias in terms of high, medium or low. We will consider 
identifying the reasons for our assessment of bias but fur-
ther consideration of this is required when all studies have been 
assessed.

Data synthesis
Data synthesis. Based on our evaluation of publications to date 
it  is clear  that the level of heterogeneity across the studies, in 
terms of definition of CFLD, age of participants, and duration of 
follow-up is such that it will only be possible to provide a system-
atic narrative synthesis. A systematic narrative synthesis will be  
performed with information provided in text and tabular form 
to summarise the findings of the review. This SR will seek  
to demonstrate in tabular form the proportion of participants 
in individual studies with CFLD who died (all-cause mortality  
and liver related mortality) compared to those with no  
evidence of liver disease and the excess mortality rate in those 
with CFLD as presented in papers or calculated from data  
provided. Mortality rates, together with absolute rate  
differences, will be presented. If possible, standardised mortality 
rates will also be presented. The authors will endeavour to present 
clearly and easily understood tables that highlight the excess  
burden of disease experienced by those with CFLD. All-cause 
mortality and liver related mortality will be clearly defined and  
differentiated.

Confidence in the cumulative estimate
While we know that the quality of many of the studies in the  
field is not optimal, we feel that formally grading the quality of 
the evidence is fraught with difficulties. However, we hope that  
presentation of the data, while highlighting the limitations  
of the various studies, will have merit in drawing attention  
to the risk of liver disease in CF.

Dissemination
We will follow a phased approach to dissemination 

1.    �The findings of this SR we anticipate will have impli-
cations for persons with CFLD. We will discuss the  
findings of the SR with the Cystic Fibrosis Associa-
tion of Ireland, and seek their support in minimising any 
undue distress caused to those with CFLD who do not  
fully appreciate the implications of having CFLD.

2.    �The National Clinical Programme for Cystic Fibrosis is 
the national body that determines the appropriate care  
pathways for CF in Ireland. They are aware that this 
SR is commencing and we will inform them of our  
findings and the implications of liver disease as a risk 
factor for mortality in CF. We hope that new clinical  
pathways or guidelines for the prevention and  
management of CFLD will be instituted nationally.

3.    �We will seek to have a manuscript published as an  
open access publication.

Study status
We have revised the documentation for this SR including 
summary of evidence tables, risk of bias forms, refined our 
inclusion and exclusion criteria for studies, established a data 
management structure and implemented a search strategy. We 
are currently hand searching and searching references and 
conference proceedings which will be added to the database of 
included studies (August 2020). We will run the final search 
on September 21st 2020. Summary of Evidence and Risk of 
Bias Analysis will be completed  by 30th October 2020.

Data availability
Underlying data
No underlying data are associated with this article.

Extended data
Zenodo: The Impact of liver disease on mortality in Cystic  
Fibrosis-A systematic review protocol-data. https://doi.org/10.5281/
zenodo.403240822.

This project contains the following extended data: 

-     �Risk of Bias Form V2 The Impact of liver disease on  
mortality in cystic fibrosis.pdf

-    �Summary of Findings Table V2 The impact of Liver 
Disease on Mortality in CF.pdf

Reporting guidelines
PRISMA-P checklist for ‘The impact of liver  
disease on mortality in cystic fibrosis - a systematic review  
protocol’ https://doi.org/10.5281/zenodo.403240822.

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).
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earlier review. Please find below our point-by-point reaction.
The authors state “Our focus is an unbiased application of our inclusion and exclusion 
criteria rather than the selection of a specific period of interest". We do not want to argue 
the chosen focus, but we still have the opinion that the inclusion of patient data before life 
expectancy of CF patients had exceeded childhood and before decent treatment strategies 
for portal hypertension (and its complications) had become available creates a major bias 
on the outcome, namely liver disease-related mortality in CF patients. The authors may not 
as much aim to decrease bias on the inclusion and exclusion criteria, but rather on the 
outcome, i.e. liver disease-related mortality in CF patients. We feel that the inclusion and 
exclusion criteria are not themselves the goal(s) of the effort, but “merely” chosen means 
to acquire relevant information on the outcome. 
 

1. 

We agree with the adaptations which have taken away our earlier reservation on this point. 
 

2. 

The further clarification of the definitions have improved the manuscript. In particular, the 
analysis of patients with “clinically significant CF Liver Disease” (according to the NACFS and 
European guidelines) seems to us most objective and therefore, most unbiased and 
relevant. 
 

3. 

We agree with the adaptations which have taken away our earlier reservation on this point.4. 
 
Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Pediatric gastroenterology/hepatology, genetic liver diseases.

We confirm that we have read this submission and believe that we have an appropriate level 
of expertise to confirm that it is of an acceptable scientific standard, however we have 
significant reservations, as outlined above.

Author Response 11 Dec 2020
Marion Rowland, University College Dublin, Dublin, Ireland 

We very much appreciate the reviewers taking the time to provide further very helpful 
comments on this protocol for a systematic review. The following is our response to Point 1

We fully concur with Dr Duursma and Prof Verkade concerns that including older 
studies could bias our outcome metrics due to the change in clinical practice, 
diagnostic investigations, and the management of both CF and CFLD.  Having had the 
opportunity to appraise most of the literature we have further clarified the protocol 
to state that included studies must provide details of the prevalence of CFLD in the 
population on which the study is based (Methods Page 5 Line 11,12).  This removes 
many of the older publications which we feel are giving rise to the reviewers’ 
concerns. In addition, it also allows a better comparison of outcomes in different 
populations when the underlying prevalence of  CFLD is known. As suggested by Prof 
Debray we will further subdivide the Tables of Evidence according to date of 
publication so that the reader will be clearly able to see how the mortality of both CF 
and CFLD has changed since the 1980s. At this stage we are not in a position to 

1. 
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provide definite information on the earliest studies included as the review process is 
still ongoing, but it is expected that no  study pre 1990 will be included. However, we 
do wish to reassure Dr Duursma and Prof Verkade that their concerns will be to the 
forefront when we are finalising the list of included studies.

 

Competing Interests: No Competing intersts
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© 2020 Debray D. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Dominique Debray   
Pediatric Hepatology Unit, Reference center for Biliary Atresia and Cholestatic Genetic Diseases, 
APHP-Hôpital Necker, Paris, France 

Dr Sasame et al, propose a systematic review of published studies between 1949 and 2020 in 
order to provide a comprehensive review of the outcome of Cystic Fibrosis (CF) liver disease, and 
appreciate the impact of liver disease on mortality in CF. They will review hepatic outcomes as well 
as liver related extrahepatic outcomes. Since it can be expected that in the near future the 
outcomes (liver and all cause mortality) will improve with the use of CFTR modulator therapies, 
this study is timely and may serve as a comparator for future studies in the next decade. 
 
As the authors acknowledge, this is the first systematic review to examine the impact of liver 
disease on mortality in CF. It has become clear that the prognosis of liver disease is related to the 
development of portal hypertension and related complications while liver failure is a late event. 
We also have learned during the past decade that portal hypertension may develop in patients 
without cirrhosis, as a result of obstructive portal venopathy. 
 
Although I agree that they should include all studies meeting their inclusion criteria, regardless of 
the publication date, I would suggest that they analyse the data according to eras, since 
management of portal hypertension has improved overtime with the advent of liver 
transplantation (in the 80’s), band ligation and TIPS (in the 90’s). They may demonstrate reduced 
liver related mortality rates over time (including decreased rates of liver transplantations) as well 
as a decrease in all-cause mortality. 
 
I do not have other comments. I am happy with the amendments that have been made.
 
Is the rationale for, and objectives of, the study clearly described?
Yes
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Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Liver disease in cystic fibrosis, Pediatric chronic cholestatic disease, Pediatric 
liver transplantation.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.

Author Response 11 Dec 2020
Marion Rowland, University College Dublin, Dublin, Ireland 

We thank Prof Debray for her very helpful comments on this protocol. We very much agree 
that examining the change in outcome in mortality for CFLD since the 1980s will provide 
important information in the field, as well as providing a useful baseline against which to 
assess the impact of modulator therapies on CFLD.  

Competing Interests: No Competing interests
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© 2020 Ooi C. This is an open access peer review report distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Chee Y Ooi  
Discipline of Paediatrics, School of Women's and Children's Health, University of New South Wales, 
Sydney, Australia 

This proposal is most welcomed in the Cystic Fibrosis community. An important question, that 
needs to be addressed via a Systematic Review.  
I have no concerns or comments apart from these:

There is an emergence of literature that CFLD may be related to CF portal venopathy rather 
than the traditional end stage cirrhosis with portal hypertension. This needs to be 
considered.

1. 
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I am unsure if "treatment" effects can be considered (e.g. urso).2. 
Will other co-factors that may impact on mortality (e.g. CFRD) be considered? A recent 
registry based paper by Singh H, et al. (2020)1 suggested higher risk of CFRD etc.

3. 
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Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: No competing interests were disclosed.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 26 Nov 2020
Marion Rowland, University College Dublin, Dublin, Ireland 

We are grateful to Prof Ooi for his very generous comments about our protocol for a 
Systematic Review.

We share Prof Ooi’s enthusiasm for the new  pathology model  in CFLD. We, like Prof 
Choi, hope that portal venopathy may explain many of the unique clinical features of 
CFLD. Unfortunately, none of  the studies in the literature to-date on portal 
venopathy meet the inclusion criteria for this SR.

1. 

As outlined in our  Summary of Evidence Table 10.5281/zenodo.3900095. we will to 
extract data on URSO from the included studies.

2. 

Similarly, we will extract data as per the Summary of Evidence Table  
10.5281/zenodo.3900095  and if possible, examine the relationship between other 
risk factors for mortality  including  Cystic Fibrosis Related Diabetes (CFRD),  gender, 
age, pulmonary function  and genotype in those with  liver disease in CF.

3. 
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Author Response 11 Dec 2020
Marion Rowland, University College Dublin, Dublin, Ireland 

We are grateful to Prof Ooi for his very generous comments about our protocol for a 
Systematic Review.

We share Prof Ooi’s enthusiasm for the new  developments in the underlying 
pathophysiology of CFLD. We, like Prof Choi hope that portal venopathy may explain 
many of the unique clinical features of CFLD. Unfortunately, none of  the studies in 
the literature to-date on portal venopathy meet the inclusion criteria for this SR.

1. 

As outlined in our  Summary of Evidence Table 10.5281/zenodo.3900095. we will to 
extract data on URSO from included studies.

2. 

Similarly, we will extract data as per the Summary of Evidence Table  
10.5281/zenodo.3900095  and if possible, examine the relationship between other 
risk factors for mortality  including  Cystic Fibrosis Related Diabetes (CFRD),  gender, 
age, pulmonary function  and genotype in those with  liver disease in CF.

3. 
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© 2020 Wilschanski M. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Michael Wilschanski   
Pediatric Gastroenterology Unit, Hadassah Hebrew University Hospital, Jerusalem, Israel 

I am happy with the authors reply and have no further comments.
 
Is the rationale for, and objectives of, the study clearly described?
Not applicable

Is the study design appropriate for the research question?
Not applicable

Are sufficient details of the methods provided to allow replication by others?
Not applicable

Are the datasets clearly presented in a useable and accessible format?
Not applicable

HRB Open Research

 
Page 15 of 22

HRB Open Research 2020, 3:44 Last updated: 13 JAN 2021

https://doi.org/10.5281/zenodo.3900095
https://doi.org/10.5281/zenodo.3900095
https://doi.org/10.21956/hrbopenres.14276.r28076
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-6223-5185


Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Pediatric Gastroenterology with an interest in Pancreas Research.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.

Version 1

Reviewer Report 11 August 2020

https://doi.org/10.21956/hrbopenres.14164.r27692

© 2020 Verkade H et al. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Sanne Duursma  
Department of Pediatric Gastroenterology/Hepatology,University Medical Centre Groningen, 
University of Groningen, Groningen, The Netherlands 

Henkjan Verkade   
Department of Pediatric Gastroenterology/Hepatology, University Medical Centre Groningen, 
University of Groningen, Groningen, The Netherlands 

The authors aim to provide clarity on the impact of liver disease on mortality in patients with cystic 
fibrosis, based on earlier published data. The authors propose a systematic review of English 
language publications between 1949 and 2020, in which liver related and all-cause mortality is 
reported. These reviewers have several reservations on the validity of the approach:

The range of 1949-2020 does not seem logical. The life expectancy of CF patients was still 
below 10 years in the sixties and only the last decade this has increased to 40 years and 
above. It does not seem appropriate to combine data of 1949-2020 in which era the 
treatment and prognosis of CF has changed so profoundly. 
 

1. 

These reviewers consider it rather arguable that mortality can be derived from retrospective 
registration as liver-related mortality. Our recent study indicated an considerably increased 
mortality risk of CF patients with cirrhosis (Pals et al. (2019))1, but interestingly the herein 
reported primary cause of death was pulmonary in 68% of cases (!), and liver failure related 
only in 18% of cases. This intriguing observation could have several causes, such as that 
liver disease (cirrhosis) aggravates pulmonary CF disease, but could also be due to bias in 
reporting the cause of death, or still other explanations. The proposed outcome parameter 
”liver-related mortality” could thus very well provide a significant underestimation of the 
impact of (severe) liver involvement on mortality in CF patients. 
 

2. 

The proposed strategy lacks a clear definition of what is understood by liver disease in CF 
patients, but will use manuscripts with “an unambiguous definition of liver disease”. 

3. 
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However, a definition that is unambiguous may not be comparable to another definition, 
despite that the latter may be unambiguous as well. It is well known that serum parameters 
on liver functions may fluctuate in CF patients and their relationship to (severe) liver 
involvement has not been defined. Comparing studies with different definitions seems 
hazardous. Perhaps only patients with “clinically significant liver disease” (NASPGHAN 
definition) seems therefore most justifiable for analysis, in contrast to the patients with non-
specific cystic fibrosis liver disease (NSCFLD). 
 
Although the reviewers do appreciate that transplant-related mortality is likely not relevant 
for the objective of the present study, the fact that a patient is liver-transplanted implies a 
decreased “survival with native liver” what could be regarded as an outcome and of an 
indication for the severity of the liver involvement. It does seems reasonable to assume that 
the need for transplantation does affect patient survival and therefore this should one way 
or another be accounted for, according to these reviewers.

4. 

 
 
References 
1. Pals FH, Verkade HJ, Gulmans VAM, De Koning BAE, et al.: Cirrhosis associated with decreased 
survival and a 10-year lower median age at death of cystic fibrosis patients in the Netherlands.J 
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Is the rationale for, and objectives of, the study clearly described?
Partly

Is the study design appropriate for the research question?
No

Are sufficient details of the methods provided to allow replication by others?
No

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Pediatric gastroenterology/hepatology, genetic liver diseases.

We confirm that we have read this submission and believe that we have an appropriate level 
of expertise to state that we do not consider it to be of an acceptable scientific standard, for 
reasons outlined above.

Author Response 02 Oct 2020
Marion Rowland, University College Dublin, Dublin, Ireland 

We are very grateful to the reviewers for their constructive comments on our protocol for a 
systematic review (SR). We apologies for any confusion in the protocol regarding the 
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definitions, inclusion and exclusion criteria used for study selection and data extraction. The 
following are our specific responses to the reviewers very constructive comments, and we 
also have made some amendments to improve the protocol which are outlined in the 
update text. 
 
We thank Dr Duursma and Professor Verkade for their very helpful comments, and we hope 
we have fully addressed their concerns in the revised protocol methodology. 
1.    To our knowledge this is the first SR to examine the impact of liver disease on mortality 
in CF and not to include studies which meet our inclusion and exclusion criteria, regardless 
of publication date, would introduce significant selection bias to the SR. Our focus is an 
unbiased application of our inclusion and exclusion criteria rather than the selection of a 
specific period of interest. Furthermore, we would like to emphasise that we will not include 
post-mortem studies or descriptive studies of CFLD with no information of outcome (Page 6 
Line 36-37). As we now have greater clarity as to the quality of the data available to us than 
when we drafted the protocol, a narrative synthesis is the only option to present the results 
for this SR. It will not be possible to combine data from different studies or different time 
periods  in a meta-analysis. We have amended this in Page 12 Data Synthesis. 
2.    We agree with the reviewer that patients with CFLD rarely die from liver related causes, 
and we have amended to protocol to clarify the definitions mortality used for data 
extraction. (Page 5 Lines 2-5, 12-13,25-28; Page 6 Lines 14-19; Page 11 Lines 33-36 ). As 
pointed out by Reviewer 2 a transplanted organ represents a “decreased survival of the 
native liver” (Point 4)  and we very much concur with the statement. Therefore, we include 
transplants (liver, lung, or heart) in our estimates of all-cause mortality. The following is the 
outcome data that we will extract from the published literature (Summary of Evidence Table 
https://doi.org/10.5281/zenodo.4032408) 
a.     All-cause Mortality (death from any cause and transplantation (lung or liver) regardless 
of post-transplant survival  
b.    Specific mortality rates  
i.    Liver related mortality,  
ii.    Pulmonary related mortality,  
iii.    Other causes of mortality 
iv.    Transplant -number of transplants (liver and/or lung) reported in those with CFLD and 
the comparator group. 
While studies reporting only liver related mortality will meet our inclusion criteria the lack of 
all-cause mortality data will be highlighted as we like the reviewer feel that this is important 
in understanding the impact of liver disease on mortality in CF.  
3.    Our aim is to provide a comprehensive review of the outcome of CFLD. We acknowledge 
that there are many opinions as to how best to classify CFLD1-6. We propose to broadly 
categorise the various definitions of CFLD reported in the literature into two groups as 
follows: (i) Group 1 those studies which include a “moderate” or “nonspecific” liver disease 
group as well as a severe liver disease group.1-3 and (ii) Group 2 those studies  which only 
examine severe liver disease with or without a comparison group4,5, We agree with the 
reviewer that our term “unambiguous definition of CFLD” has caused confusion and have 
rephrased this section in the abstract and the methodology (Page 6 Line 28-29). As the 
ESPGHAN definition of clinically significant liver disease has not been published to date, 
(personal communication) we have not identified any publication specifically referencing 
this classification among our included studies.  
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4.    We fully agree that transplantation must be considered as a death of the native organ 
(lung or liver). Therefore, in our all-cause mortality rates we have defined all-cause mortality 
as death from any cause (pulmonary/hepatic/accidental/other)  combined with 
transplantation of single organ  (liver or lung) or multiple organs 
 (heart/liver/lung/pancreas/kidney)  as outlined in Point 2 (Page 6 Lines 14-19; Page 11 Lines 
33-36) and our Summary of Evidence Table https://doi.org/10.5281/zenodo.4032408. 
In the protocol we have used the terminology “transplant related mortality” which we have 
now removed.  Only the number of transplants will be included. Any evaluation of 
transplant related mortality is beyond the scope of this SR and have clarified this (Page 11 
Lines 38-39) 
5.    We trust that the above responses and the changes outlined below will give assurance 
to the Reviewer that the methodology is appropriate to address the question of the impact 
of liver disease on mortality in cystic fibrosis. 
1.    Colombo C, Battezzati PM, Crosignani A, et al. Liver disease in cystic fibrosis: A 
prospective study on incidence, risk factors, and outcome. Hepatology 2002; 36(6): 1374-82. 
2.    Debray D, Kelly D, Houwen R, Strandvik B, Colombo C. Best practice guidance for the 
diagnosis and management of cystic fibrosis-associated liver disease. J Cyst Fibros 2011; 10 
Suppl 2: S29-36. 
3.    Flass T, Narkewicz MR. Cirrhosis and other liver disease in cystic fibrosis. J Cyst Fibros 
2013; 12(2): 116-24. 
4.    Cipolli M, Fethney J, Waters D, et al. Occurrence, outcomes and predictors of portal 
hypertension in cystic fibrosis: A longitudinal prospective birth cohort study. Journal of 
Cystic Fibrosis 2109; 16. 
5.    Pals FH, Verkade HJ, Gulmans VAM, et al. Cirrhosis associated with decreased survival 
and a 10-year lower median age at death of cystic fibrosis patients in the Netherlands. J Cyst 
Fibros 2019; 18(3): 385-9.  

Competing Interests: No competing interests were disclosed.
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© 2020 Wilschanski M. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Michael Wilschanski   
Pediatric Gastroenterology Unit, Hadassah Hebrew University Hospital, Jerusalem, Israel 

Dr Sasame and colleagues propose to conduct a systematic review of published studies since 1949 
of liver-related mortality in Cystic Fibrosis. This group is possibly the number 1 center world-wide 
to perform such an analysis as they have been at the forefront of liver disease research in CF for 
decades with numerous seminal publications on the subject. 
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This study is timely but I have 2 major suggestions. 
 
If the study is to study mortality the "group 2" patients with non-specific biochemical and even 
radiological evidence of liver disease should be left out. We do not know if any of this group of 
patients progress to life-threatening disease and the waxing and waning of blood tests could be 
part of the natural history of CF and have no effect long term at all. The study of this group will 
almost certainly blur the results. The study must concentrate on those persons with severe liver 
disease with portal hypertension. This leads me to my second criticism that studies describing 
transplanted patients should be included because this is just the population-that of severe 
disease-which needs to be included. 
 
I feel that Patient Registries should be accessed because they have the cohort of severe liver 
disease which this study is looking for. 
 
A minor criticism is looking back to 1949 which really is pre-history. I dread to think what the liver 
of CF patients were like then and there may be other variables which will blur the results. In the 
pre-PERT era severe liver disease could have been due to malnutrition which, hopefully, does not 
happen today. Could I suggest going back 30 years only?
 
Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Partly

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Pediatric Gastroenterology with an interest in Pancreas Research.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 02 Oct 2020
Marion Rowland, University College Dublin, Dublin, Ireland 

We are very grateful to the reviewers for their constructive comments on our protocol for a 
systematic review (SR).  We apologies for any confusion in the protocol regarding the 
definitions, inclusion and exclusion criteria used for study selection and data extraction. The 
following are our specific responses to the reviewers very constructive comments, and we 
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also have made some amendments to improve the protocol which are outlined in the 
update text. 
We thank Prof Wilschanski for his very generous acknowledgement of our work.  
1.    We agree with Prof Wilschanski that it would be a much simpler systematic review (SR) if 
we limited our inclusion criteria to only papers which reported severe CFLD with an 
appropriate comparison group. However, our aim is to provide as comprehensive review as 
possible about the impact of liver disease on mortality in CF. Because there are several 
different classifications of CFLD in the published literature 1-6 we have amended the 
protocol to better reflect the classification of liver disease as reported by individual studies. 
Specifically, we will divide studies into 2 groups: (i) Group 1 those studies which include a 
“moderate” or “nonspecific” liver disease group as well as a severe liver disease group.1-3 
and (ii) Group 2  those studies which only examine severe liver disease with or without a 
comparison group 4,7  
We have amended the Protocol as follows: Page 3 Line 17  added “moderate” to describe 
the less severe group of CFLD; Page 5 moved Lines 38-41 into the Study Design Section; with 
further changes to Page 7 Lines 2-10, 29-32; and  Page 11 Lines 19-22 to reflect the new 
groups of included studies. We have also amended the Summary of Evidence Table and 
data dictionary to clarify this change. (Extended Data 
https://doi.org/10.5281/zenodo.4032408 
2.    To address Professor Wilshanski’s specific concern about those in “group 2” blurring the 
results our current analysis plan in this narrative synthesis is to generate individual Tables 
for the two groups of studies outlined in Point 1 above. Based on more detailed work since 
this protocol was developed, we feel that the studies are too heterogenous to allow  any 
summary calculations or meta-analysis and we will rely on tabular data to highlight the 
impact of liver disease in CF (Page 12 Data Synthesis). 
3.    To clarify - we will include CF patient registry publications where there is a definition of 
CFLD consistent with published literature, and which includes a denominator for the 
population studied as well as mortality data (Page 6 Lines 6-7). We have carefully reviewed 
transplant registry data publications and we have excluded such studies from this SR 
because their primary focus is transplant-related outcome and not outcome for CFLD. In 
general, these studies do not provide any data the number of patients with CFLD who were 
not evaluated for transplant, evaluated but not registered for transplant or listed for 
transplant but did not receive a transplant (Page 6 Lines 38-42). 
4.    To our knowledge this is the first SR to examine the impact of liver disease on mortality 
in CF and not to include studies which meet our inclusion and exclusion criteria, regardless 
of publication date, would introduce significant selection bias to the SR. While we may 
demonstrate reduced mortality rates for CFLD over time our focus is an unbiased 
application of our inclusion and exclusion criteria rather than the selection of a specific 
period of interest. 
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