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Abstract

Introduction

Pediatric liver transplantation is a highly specialized, challenging field. Selective reporting
may introduce bias into evidence based clinical decision making, but the precise extent of
unpublished data in pediatric liver transplantation is unknown today. We therefore assessed
the public availability of completed clinical trials in pediatric liver transplantation.

Methods

We determined the proportion of published and unpublished pre-registered, completed pedi-
atric liver transplantation studies on ClinicalTrials.gov. The major trial and literature data-
bases, i.e., clinicaltrials.gov, Pubmed, and Google Scholar were searched for publications.
In addition, principal investigators or sponsors were contacted directly. STROBE criteria
were applied for the descriptive analysis.

Results

Out of N = 33 studies focusing on pediatric liver transplantation registered as completed
until March 2014 on clinicaltrials.gov, N = 19 (58%) studies were published until February
2015, whereas N = 14 (42%) studies remained unpublished. The unpublished trials contain
data from N = 2105 (35%) patients out of a total population of N = 6044 study participants.
Median time-to-publication, i.e., the period from completion of the trial until public availability
of the data was 23 IQR 10 to 28 months. Most pertinent key questions in pediatric liver trans-
plantation, i.e., surgical procedures, immunosuppression, concomitant infections, and graft
rejection were addressed in 48% of studies (N = 16/33), half of which were published.

Conclusion

Half of the clinical trials in pediatric liver transplantation focused on key questions such as
surgical procedures, immunosuppression, concomitant infections, and graft rejection. There
is still a considerable amount of unpublished studies results in pediatric liver transplantation.
Time from study completion to publication was almost twice as long as the 12 months man-
datory FDAAA-timeline with a trend towards acceleration over time. The data should serve
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as a baseline for future progress in the field. More stringent publication of completed trials
and focused multicenter research should be encouraged.

Introduction

Evidence-based-decision making in clinical medicine is contingent upon the complete avail-
ability of clinical trial results. For the benefit of patients, robust clinical evidence is particularly
important in high risk and relatively rare constellations, such as liver-transplantation. The first
liver transplantation in a child was conducted in 1963 [1]. Initially the procedure was associ-
ated with high morbidity and mortality, long-term survival rates after pediatric transplantation
were 11%-39% [2, 3]. Over the years the outcome of pediatric liver transplantation has
improved significantly with five year survival rates of 90% and five year long-term graft sur-
vival rates of >80% [4, 5]. Thanks to improved surgical techniques, to a better perioperative
intensive care-setting and surveillance, and especially due to steadily improved tailored immu-
nosuppressive therapy [6]. Specifically, the use of cyclosporine and tacrolimus were milestones
in the development for a better outcome [7]. While there have been substantial improvements
in the field of pediatric liver transplantation, there is still room for further optimization which
makes the availability of all clinical trials results including negative data particularly important.

It is generally known that not all clinical trials are published [8]. The precise degree of
unpublished studies in pediatric liver transplantation is unknown. The knowledge of the
unknown is helpful to critically interpret the medical literature currently available because it
allows estimating the present degree of uncertainty and, most importantly, would serve as a
benchmark for future comparisons with the goal to improve completeness. Timely availability
of clinical study results allows either optimizing medial practice quickly or avoiding unneces-
sary exposure of subjects to clinical research. In order to quantitate the unknown and the
time-to-publication, we assessed a) the public availability of results of completed, registered
clinical studies in pediatric liver transplantation and b) the time to publication after comple-
tion of the trials.

Methods
ClinicalTrial.gov query

We searched Clinical Trials.gov with the key word ‘liver transplantation’ and restricted the
search to completed trials in children. Close of database was February 3, 2015. A trial was con-
sidered as published when results were presented in the ClinicalTrials.gov record or published
in a peer-reviewed journal. The validity of the search results were verified manually, i.e. non-
pediatric studies and studies that did not involve liver transplantation were excluded (flow-
chart Fig 1).

Publication search

When the ClinicalTrial.gov record did not contain results we searched PubMed and Google
Scholar for the trials in question. Publication records until February 3, 2015 were considered.
Search terms for PubMed and Google Scholar included identifiers such as the NCT number,
other study ID numbers listed in the ClinicalTrials.gov record, the investigated intervention,
‘liver transplantation’ or the specified condition, and details of the study design (e.g., ‘double
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Fig 1. Identification of published and unpublished pediatric liver transplantation clinical trials registered
on ClinicalTrials.gov: study flow diagram.

doi:10.1371/journal.pone.0168251.g001

blind’, ‘randomized’, or inclusion and exclusion criteria). If we could not find published results
of registered competed trials, we contacted the principal investigator or sponsor.

Time to publication

Time to publication for published studies was calculated as the number of months from the
completion date of the trial and the publication of results either on ClinicalTrials.gov or in a
peer-reviewed Journal.

Statistical analysis

The following continuous or categorical variables were analyzed: NCT number, study title,
gender, age, study phase, study type, study design, condition, intervention, recruitment status,
primary completion date and completion date, availability of study results, publication date,
time to publication, sponsor, and funding source. Standard methods of descriptive statistics
were applied. Missing data were not imputed. All calculations were performed with SAS Enter-
prise Guide version 5.1 (SAS, Cary, NC, USA). STROBE criteria were respected (S1 Text).

Results

N = 33 studies on pediatric liver transplantation were registered as completed on clinicaltrials.
gov. The year of completion ranged from 2002 to March 2014. All except one study were com-
pleted more than 12 months before database lock; close of database was February 3, 2015.
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Fig 2. Published and unpublished pediatric liver transplantation clinical trials: number of trials by year of
completion.

doi:10.1371/journal.pone.0168251.g002

N =19 (58%) studies were published and N = 14 (42%) studies were unpublished (Figs 1 and
2, Table 1, S1 Table).

N = 6044 patients were enrolled in registered and completed liver transplantation clinical
trials (N = 32 studies with available information). N = 3939 (65%) patients were enrolled in the
published trials (N = 19 trials), whereas N = 2105 (35%) patients were enrolled in the unpub-
lished trials (N = 13 trials with available data). The median size of the published trials was 85
IQR 19...300 (range 1 to 1235, N = 19) patients. On the other hand, n the unpublished trials,
the median number of enrolled patients was 41 IQR 25 ... 92 (range 9 to 850, N = 13) (Fig 3).

Of the published studies, one study tested a medical device, 8 studies investigated drugs,
one study a gene therapy, and two studies procedures. Two trials were classified as “other®.

In the unpublished group, two trials involved biologicals, two medical studies devices, and
5 studied drugs. One study was classified as “other” (Tables 1 and 2).

Seven out of ten randomized studies and 12 out of 23 non-randomized studies were
published.

Time to publication

Time to publication, i.e. the period from completion of the trial until public availability of the
data was 18.1 SD 22.8 (median 23 IQR 10 to 28, range -42 to 65, Fig 4) months. Three studies
were published before the official completion date. Of the seven randomized published studies,
four had positive results, 2 were equivocal, and 1 had negative results.

Time to publication distributions in these groups did not show a clear and consistent pat-
tern. Two randomized studies remained unpublished. The sample sizes were too small for for-
mal statistic comparisons.

Discussion

We found a high degree of long-term unpublished clinical trials in pediatric liver transplanta-
tion: out of N = 33 studies registered as completed until 2014 on clinicaltrials.gov, N = 19
(58%) studies were published and N = 14 (42%) studies were unpublished. The unpublished
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Table 1. Gender, age groups, trial phases, funding, type of studies

Gender
Gender

Age groups

Funding

Phases

Study Type

Male
Female
Both

Child
Child/Adult
Child/Adult/Senior

Industry
Industry/Other
NIH

Other
Other/industry
Other/NIH
U.S. Fed/NIH

Phase 0
Phase 1
Phase 1 /Phase 2
Phase 2
Phase 2/Phase 3
Phase 3
Phase 4

Interventional
Observational
Randomized
Non-randomized

doi:10.1371/journal.pone.0168251.t001

Published Studies(N = 19) Unpublished Studies(N = 14) Total(N = 33)
1 1
18 14 2
4 1 5
1 3 4
14 10 24
5 5 10
1 1 2
4 2 6
7 6 13
1 1
1 1
1 1 2
2 2
4 1 5
3 2 5
10 8 18
9 6 15
7 3 10
12 11 23
1500 .
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Fig 3. Published and unpublished pediatric liver transplantation clinical trials: number of patients by year
of completion.

doi:10.1371/journal.pone.0168251.g003
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Table 2. Conditions investigated in the published and unpublished studies in alphabetical order (N = 33). Individual studies are listed in the S1 Table.

Published studies (N = 19)
Candidiasis

Heart Transplantation / Kidney Transplantation / Liver Transplantation /

Lung Transplantation
Hemophilia / Hemophilia B
Hepatitis B, Chronic

Hepatitis B / Cirrhosis / Acute Liver Failure / Hepatocellular Carcinoma

Hepatocellular Carcinoma/ Liver Transplantation
HIV Infections / Kidney Disease / Liver Disease
Hypercholesterolemia, Familial

Influenza

Kidney Disease / Liver Disease / Pancreas Disease
Liver Diseases

Liver Transplantation (N = 2)

Liver Transplantation / Infection

Major Surgical Procedures

Osteoporosis / Liver Transplantation / Fractures

Unpublished studies (N = 14)
Biliary Stricture
Cytomegalovirus Infections

Hepatitis B/Liver Transplantation

Immunosuppression / Hepatocellular Carcinoma / Liver Transplantation /
Post-operative Complications

Influenza

Kidney Transplantation / Liver Transplantation / Heart Transplantation
Liver Diseases

Liver Disease / Lymphoproliferative Disorders

Liver Transplantation (N = 3)

Liver Transplantation / Chronic Kidney Disease

Solid Organ Transplant

Virus Disease

Patients Cannulated With Both PICC and CICC. The Rapidly Fluctuating

Hemodynamics During LT.

Pediatric Liver Transplanted Recipients / Healthy Donors

Portopulmonary Hypertension / Pulmonary Arterial Hypertension /

Pulmonary Hypertension
doi:10.1371/journal.pone.0168251.t002

trials contain data from N = 2105 (35%) patients out of an overall population of N = 6044
study participants. It is somewhat reassuring that most (i.e., 7/10) randomized trials were pub-
lished. As a contrast, the results only nearly half of non-randomized studies are publically
available. The precise extent of overall reporting of clinical trial results varies. As an example,
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Fig 4. Time-to-publication of pediatric liver transplantation clinical trials. “FDAAA” indicates the timeline

mandated by the Food and Drug Administration Amendments Act of 2007.
doi:10.1371/journal.pone.0168251.9004
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in a recently published analysis, Anderson reported that only 38.3% of all terminated or com-
pleted clinical studies registered on clinicaltrials.gov were published [9]. On the other hand,
Jones et al found that the results of 71% of registered clinical trials with more than 500 partici-
pants were available to the public [10] which is similar to the situation for completed phase III
pediatric epilepsy trials, of which 24% remained unpublished [11]. This high number of unre-
ported, completed clinical studies may distort the body of evidence on pediatric liver trans-
plantation in the medical literature and impedes a holistic informed assessment of a given
intervention in a particular circumstance. Without data transparency to the medical and scien-
tific community, especially when negative results may not have been published, patients may
be exposed to unnecessary interventions or unnecessary research risks if the same research
question is being asked repeatedly. The median time to publication of trial results was rela-
tively long with 23 months, however, there was a trend towards acceleration of reporting after
the FDA Amendment Act (FDAAA) of 2007 which mandates the publication of a completed
clinical trial within one year [12]. Timely availability of trial results helps to quickly adapt cur-
rent practice of medicine for the benefit of patients. The pattern of sponsors for published and
unpublished studies was mixed, this is in alignment with clinical practice, as many clinical
studies run in tertiary referral centers. There was no bias towards industry funded studies in
the published and unpublished groups (Table 1). Most published as well as unpublished stud-
ies were phase 3/4 trials. Both published and unpublished studies consisted of observational
and interventional trials in a similar proportion. There are several initiatives that encourage
timely publication of completed clinical trials. Besides of the FDAAA which has legal permuta-
tions within the jurisdiction of the United States, the International Committee of Medical
Journals Editors encourages timely publication of results in clinical trial registries before the
publication in a member journal [13]. In addition, the AllTrials initiative (www.alltrials.net),
launched a petition that all past and present results of clinical trials including full methods and
negative data should be published. This call is being currently supported by 622 public and pri-
vate stakeholders involved in healthcare and science worldwide and was signed by 87,956 indi-
viduals by 24 April 2016 [14].

In our opinion, important questions to be addressed in pediatric liver transplantation are 1)
surgical techniques and procedures, 2) the choice of appropriate immunosuppression, and, as
a consequence of the latter, 3) early recognition and better management of concomitant infec-
tions and the risk of graft rejection as well as side effects of the medication. Studies registered
in clinicaltrials.gov address these issues only in part, i.e. there are 16/33 (= 48%) studies investi-
gating the above three key questions, half of them (N = 8) are published (Table 1). However,
despite the significance of the subject there are overall only few active studies to-date. There-
fore we would encourage more clinical research addressing the above questions, ideally—as
the overall number of patients seen in a single center are usually low—in aligned multicenter
projects, such as the recently inaugurated Cooperative EuRopean Paediatric TransplAnt INi-
tiative LIver registry (http://www.certainli-registry.eu/). Other important questions in pediat-
ric liver transplantation are donor organ allocation and prioritization. This would be difficult
to address in randomized clinical trials. The opportunity likely lies in alternative approaches,
e.g., quality improvement networks such as ImproveCareNow in pediatric inflammatory
bowel disease [15].

Limitations

This study has several limitations. We did not investigate other clinical trials databases,
because ClinicalTrials.gov is considered the largest and most important clinical trial registry.
Only registered clinical trials could be analyzed because the existence of non-registered trials is
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not transparent to us. In order to avoid a clinical trial being erroneously classified as unpub-
lished, we conducted a semantic literature search in PubMed and GoogleScholar. Other data-
bases such as EMBASE and Cochrane Library and Science Citation Index were not considered;
we contacted investigators and sponsors. Some clinical studies were not strictly limited to liver
transplantation but included also transplantation of other organs. We included these trials
because the data are relevant to our study question, and the pattern of distribution of these sub-
groups was similar between the published and unpublished trials. We did not formally assess
whether the content of publications was congruent with the original research questions and the
pre-specified statistical analysis plan since this information was not available in the public
domain for all studies. The underlying assumption of this analysis is that the data provided on
ClinicalTrials.gov are accurate and complete as mandated by the FDAAA [12]. Our analysis
does not take into account database analyses and clinical analyses from consortia such as studies
in pediatric liver transplantation or Eurotransplant registry which may focus on important qual-
ity improvement efforts.

Conclusion

There is still a considerable amount of selective reporting and, in part, long time to publication
in pediatric liver transplantation indicating that the current body of evidence may be distorted.
Not all pertinent contemporary key questions were addressed exhaustively. The data serve as
baseline for the monitoring of future progress in the field.

Supporting Information

S1 Table. Individual listing of published and unpublished completed clinical studies inves-
tigating pediatric liver transplantation. Close of database: February 3, 2015
(DOCX)

S1 Text. STROBE Statement—Checklist of items that should be included in reports of
cross-sectional studies
(DOC)

Author Contributions
Conceptualization: TB MR.

Data curation: TB MR.

Formal analysis: TB DW UT GFH MR.
Investigation: TB DW UT GFH MR.
Methodology: TB MR.

Project administration: TB DW UT GFH MR.
Resources: TB DW UT GFH MR.
Software: TB MR.

Supervision: MR.

Validation: TB DW UT GFH MR.
Visualization: TB DW UT GFH MR.

PLOS ONE | DOI:10.1371/journal.pone.0168251 December 19, 2016 8/9


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0168251.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0168251.s002

@° PLOS | ONE

Quantitation of Unpublished Trial Results in Pediatric Liver Transplantation

Writing - original draft: TB MR.

Writing - review & editing: TB DW UT GFH MR.

References

1.

10.

11.

12

13.

14.
15.

Starzl TE, Marchioro TL, Vonkaulla KN, Hermann G, Brittain RS, Waddell WR. HOMOTRANSPLANTA-
TION OF THE LIVER IN HUMANS. Surg Gynecol Obstet. 1963; 117:659-76. Epub 1963/12/01.
PubMed Central PMCID: PMCPmc2634660. PMID: 14100514

Starzl TE, Groth CG, Brettschneider L, Penn I, Fulginiti VA, Moon JB, et al. Orthotopic homotransplan-
tation of the human liver. Ann Surg. 1968; 168(3):392—415. Epub 1968/09/01. PubMed Central PMCID:
PMCPmc1387344. PMID: 4877589

Starzl TE, Koep LJ, Schroter GP, Halgrimson CG, Porter KA, Weil R 3rd. Liver replacement for pediatric
patients. Pediatrics. 1979; 63(6):825-9. Epub 1979/06/01. PubMed Central PMCID: PMCPmc2975972.
PMID: 377201

Yazigi NA. Long term outcomes after pediatric liver transplantation. Pediatr Gastroenterol Hepatol Nutr.
2013; 16(4):207—-18. Epub 2014/02/11. PubMed Central PMCID: PMCPmc3915734. doi: 10.5223/
pghn.2013.16.4.207 PMID: 24511516

Abramson O, Rosenthal P. Current status of pediatric liver transplantation. Clin Liver Dis. 2000; 4
(3):533-52. Epub 2001/03/10. PMID: 11232160

Choudhary NS, Saigal S, Shukla R, Kotecha H, Saraf N, Soin AS. Current status of immunosuppression
in liver transplantation. J Clin Exp Hepatol. 2013; 3(2):150-8. Epub 2013/06/01. PubMed Central
PMCID: PMCPmc3940114. doi: 10.1016/j.jceh.2013.04.005 PMID: 25755489

Haddad EM, McAlister VC, Renouf E, Malthaner R, Kjaer MS, Gluud LL. Cyclosporin versus tacrolimus
for liver transplanted patients. Cochrane Database Syst Rev. 2006;(4: ):Cd005161. Epub 2006/10/21.
doi: 10.1002/14651858.CD005161.pub2 PMID: 17054241

Song F, Parekh S, Hooper L, Loke YK, Ryder J, Sutton AJ, et al. Dissemination and publication of
research findings: an updated review of related biases. Health Technol Assess. 2010; 14(8):iii, ix-xi,
1-193. Epub 2010/02/26. doi: 10.3310/hta14080 PMID: 20181324

Anderson ML, Chiswell K, Peterson ED, Tasneem A, Topping J, Califf RM. Compliance with results
reporting at ClinicalTrials.gov. N Engl J Med. 2015; 372(11):1031-9. PubMed Central PMCID:
PMC4508873. doi: 10.1056/NEJMsa1409364 PMID: 25760355

Jones CW, Handler L, Crowell KE, Keil LG, Weaver MA, Platts-Mills TF. Non-publication of large ran-
domized clinical trials: cross sectional analysis. BMJ. 2013; 347:6104. PubMed Central PMCID:
PMC3812466. doi: 10.1136/bm;.f6104 PMID: 24169943

Lampert A, Hoffmann GF, Ries M. Ten Years after the International Committee of Medical Journal Edi-
tors’ Clinical Trial Registration Initiative, One Quarter of Phase 3 Pediatric Epilepsy Clinical Trials Still
Remain Unpublished: A Cross Sectional Analysis. PLoS One. 2016; 11(1):e0144973. PubMed Central
PMCID: PMC4703397. doi: 10.1371/journal.pone.0144973 PMID: 26735955

FDAAA. Sec. 801. Expanded clinical trial registry data bank. 2007 [8 September 2015]. Available from:
http://www.gpo.gov/fdsys/pkg/PLAW-110publ85/htm|/PLAW-110publ85.htm.

ICMJE. Recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly Work in
Medical Journals 2015 29 April 2016]. Available from: http://icmje.org/icmje-recommendations.pdf

AllTrials. [29 April 2016]. Available from: http://www.alltrials.net/supporters/.

Crandall WV, Margolis PA, Kappelman MD, King EC, Pratt JM, Boyle BM, et al. Improved outcomes in
a quality improvement collaborative for pediatric inflammatory bowel disease. Pediatrics. 2012; 129(4):
e€1030—41. PubMed Central PMCID: PMC3313634. doi: 10.1542/peds.2011-1700 PMID: 22412030

PLOS ONE | DOI:10.1371/journal.pone.0168251

December 19, 2016 9/9


http://www.ncbi.nlm.nih.gov/pubmed/14100514
http://www.ncbi.nlm.nih.gov/pubmed/4877589
http://www.ncbi.nlm.nih.gov/pubmed/377201
http://dx.doi.org/10.5223/pghn.2013.16.4.207
http://dx.doi.org/10.5223/pghn.2013.16.4.207
http://www.ncbi.nlm.nih.gov/pubmed/24511516
http://www.ncbi.nlm.nih.gov/pubmed/11232160
http://dx.doi.org/10.1016/j.jceh.2013.04.005
http://www.ncbi.nlm.nih.gov/pubmed/25755489
http://dx.doi.org/10.1002/14651858.CD005161.pub2
http://www.ncbi.nlm.nih.gov/pubmed/17054241
http://dx.doi.org/10.3310/hta14080
http://www.ncbi.nlm.nih.gov/pubmed/20181324
http://dx.doi.org/10.1056/NEJMsa1409364
http://www.ncbi.nlm.nih.gov/pubmed/25760355
http://dx.doi.org/10.1136/bmj.f6104
http://www.ncbi.nlm.nih.gov/pubmed/24169943
http://dx.doi.org/10.1371/journal.pone.0144973
http://www.ncbi.nlm.nih.gov/pubmed/26735955
http://www.gpo.gov/fdsys/pkg/PLAW-110publ85/html/PLAW-110publ85.htm
http://icmje.org/icmje-recommendations.pdf
http://www.alltrials.net/supporters/
http://dx.doi.org/10.1542/peds.2011-1700
http://www.ncbi.nlm.nih.gov/pubmed/22412030

