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Abstract
We examined factors that affect decision-making for families presented with a phase I clinical trial
of hepatocyte transplant as a potential alternative to liver transplant for their children among two
groups: 1) families who were actually offered enrollment in the hepatocyte trial and; 2) families
whose children had liver transplants before the trial was available. We conducted semi-structured
interviews about actual and hypothetical decision-making regarding trial participation and used
grounded theory analysis to identify common themes. The most common motivator for
participation was decline in the child's health. The most common deterrent was lack of data from
prior hepatocyte transplants, particularly compared to data available about liver transplant.
Interviewees' point of comparison for evaluating relative benefits and risks of hepatocyte
transplant oscillated between the alternative of doing nothing while waiting for a liver (the
relevant alternative) versus the alternative of getting a liver. These results suggest that families'
reluctance to participate may result from misconceptions about severity of the child's disease,
underestimating risks of liver transplant, or confusion about the role of hepatocyte transplant in the
treatment pathway. Clarification of available treatment alternatives and associated risks as part of
informed consent may improve the quality of decision-making regarding trial enrollment.
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Enrollment is a limiting factor in pediatric clinical trials, especially in Phase I studies (1).
Challenges include limited patient populations, especially in trials targeting rare diseases,
primary care physicians' hesitation to refer patients, and families' reluctance to participate
(2). While prior studies have identified motivators for trial participation in pediatric
populations, these involved either minimal risk trials (3–6) or oncology trials, in which
participants choose between trial therapy and palliation (7–8).

In the current study, we explored families' decision-making processes with regard to an
ongoing phase I trial of hepatocyte transplantation (9) for metabolic liver disease or acute
hepatic failure. Hepatocyte transplantation involves infusion of hepatocytes through the
portal vein via a catheter in the umbilical vein. For children with metabolic disorders,
preliminary low-dose focal radiation therapy to the liver is used to promote donor cell
engraftment. Subjects considering trial participation choose between receiving trial therapy
while waiting for liver transplant versus doing nothing while waiting for liver transplant.
Trial enrollment does not influence transplant waitlist position. Known incremental risks of
the trial protocol include complications of portal vein cannulation and cancer risk from liver
irradiation. The potential benefit is improved liver function that could obviate the need for
liver transplant. Furthermore, in case of infection, immune suppression could be stopped in
hepatocyte transplant patients without risk of organ loss. The known risks of the alternative,
waiting for organ transplant (median time to transplant at the Children's Hospital of
Pittsburgh, CHP, is 10.6 months (10)), include death or complications of continued hepatic
dysfunction. This is particularly concerning for children with metabolic disorders, among
whom neurological defects are related to the duration of hyperammonemia, rather than peak
level (12), so even mild hyperammonemia, over months, puts children at risk for permanent
neurologic damage (13).

Since the introduction of this trial in July, 2010, 19 patients at CHP were eligible for
hepatocyte transplantation. Of these, only 8 consented to the procedure, while the rest chose
to just wait for organ transplant. The purpose of the current study was to explore the
decision-making process of families faced with the option of trial enrollment, determine
factors that affect parental consent, and understand reasons for a lower-than-expected
enrollment rate. A better understanding of motivating and deterring factors has the potential
to improve counseling and increase trial participation.

MATERIALS AND METHODS
We conducted a qualitative analysis of semi-structured interviews, which focused on
families' decision-making with regard to enrollment in a phase I hepatocyte transplantation
trial.

Sample
We used purposeful sampling to select information-rich cases, which would provide varied
perspectives on participation in the hepatocyte trial. (14) We continued to accrue cases until
reaching thematic saturation (15). A schematic representation of our sample can be found in
Figure 1. We interviewed two groups: families whose children were offered hepatocyte
transplantation (Group A - those who would discuss their actual decision making process)
and families whose children had undergone liver transplantation before this trial was
available (Group B - those who would discuss the decision hypothetically). The rationale for
interviewing Group B was to include a wider range of informed viewpoints, given the small
population exposed to the trial thus far.
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For Group A, we spoke with all six families who had considered hepatocyte trial
participation and who presented to CHP transplant clinic for follow-up between July 2011
and January 2012.

For Group B, we spoke to 10 of 15 families of patients who had prior liver transplants
(excluding those who underwent simultaneous liver-bowel transplant) who presented to
CHP transplant clinic during the same time period.

A member of the clinical team first approached the families and asked for their permission
to be approached by an investigator (AD). If they agreed to participate in the study, we
scheduled the interview at a later date, 13 of which were held in-person and 3 of which (all
Group B) were by telephone.

Hepatocyte Trial Information
Parents in Group A received no additional information before the interview. Parents in
Group B received the trial consent form and were asked to decide, hypothetically, whether
they would have participated had this trial been available to their child prior to receiving
liver transplant. The consent form addresses the following: purpose of the hepatocyte study,
eligibility criteria, procedures done for research purposes, possible risks, side effects and
discomforts, possible benefits, treatments available for those who decline participation,
insurance issues and study-related costs, payment for participation, payment for research-
related injury, access to identifiable medical information, and withdrawal from the study.
Unlike those in Group A, they did not discuss the trial with a physician.

Interview Structure
One investigator (AD) completed semi-structured interviews following an interview guide
(see Table 1). We designed the questions to demographics, information about the child's
illness, and decision-making (real or hypothetical) about the hepatocyte trial. We followed
up participants' responses with open-ended probes, such as “tell me more about that.”

Data Analysis
Two investigators (AD, AB) independently read interview transcripts. Using grounded
theory methodology (15), investigators produced a list of themes based on sequential paired
comparison of interviews. We continued iterative close readings until both investigators
agreed upon a comprehensive coding scheme, which included motivating factors for trial
participation, deterring factors, and perspectives on available alternatives. One investigator
(AD) applied this codebook to the data in order to produce a descriptive analysis of the
factors influencing families' decisions.

Human Subjects
The University of Pittsburgh IRB reviewed and approved the study. Participants provided
verbal consent and were not compensated for participation.

RESULTS
Baseline Characteristics

6 families in Group A and 10 in Group B completed interviews. Both parents participated if
available, resulting in 19 interviewees overall. The majority of interviewees in both groups
were female (84% of Group A and 78% of Group B) and white (84% of Group A and 92%
of Group B); 1 participant in each group identified as black. The median age of interviewees
in group A was 29, while the median age for Group B was 37. Education levels varied
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widely from high school to masters degree in both groups. The median age of children was 2
years in Group A and in 10 in Group B, although their median age at transplant was 4.

The conditions currently eligible for hepatocyte transplant were represented, with 3 children
who had acute liver failure, 2 from Group A and 1 from Group B, and 7 children with
metabolic disorders, 4 from Group A and 3 from Group B. Additional diagnoses represented
in Group B are outlined in Table 2.

In Group A, 5 families consented to trial participation, and 1 declined. In Group B, 3
families said that they would have enrolled in the trial, 5 would have declined, and 2 were
ambivalent. The majority of families had experience with clinical research in the past: 84%
of Group A and 100% of Group B had participated in minimal risk research studies.
However, in discussion of the hepatocyte transplant trial, 33% of Group A and 70 % of
Group B qualified their responses with statements that expressed a lack of confidence in
their own medical knowledge.

Several differences between interviews from Groups A and B reflected the actual versus
hypothetical nature of their decisions. Four (40%) of the families in Group B described
difficulty in considering hepatocyte transplant because organ transplant had already been
successful for their child. In addition, 30% of Group B, but no one from Group A, suggested
future applications for hepatocytes, for instance, use of hepatocytes for other relatives with
liver disease.

Motivating Factors and Benefits
Despite differences between Groups A and B, the most commonly mentioned motivating
and deterring factors were consistent.

In Group A, the most significant motivator, mentioned by 84% of participants, was an acute
deterioration in their child's health. Of note, 2 families in Group A had children with acute
liver failure, which presents within days, while the rest perceived a deterioration in health
due to chronic illness. In contrast, the family who declined trial enrollment perceived their
child's health as relatively stable: “She's never been acutely ill. Her ammonia's only…spiked
three times, and then we've just been able to maintain her at home.” Interactions with
physicians also affected trial participation. 66% of Group A described the physician's
opinion as a motivator, specifying personal attention from physicians.

When asked to name benefits of hepatocyte transplant, 66% of Group A mentioned getting
faster access to treatment, and 66% mentioned improved health until transplant. 50% also
stated that the procedure was minimally invasive, allowing easy recovery and short
hospitalization.

Several benefits were recognized only by Group A. Maintaining native liver function “for
what it was worth,” rather than risking loss of all function in case of rejection, was a benefit
for 50% of Group A. This was the only benefit mentioned by the family who declined trial
participation. Also, 50% of Group A named potentially avoiding liver transplant surgery as a
benefit.

In Group B, the most significant motivator was also acute deterioration of the child's health,
mentioned by 70% of participants. Only 1 of these families had a child with acute liver
failure. 30% of Group B also described the interactions with physicians as a potential
motivator. As one interviewee explained, “To try to convince us, what would work is to
come out to the house and to sit down in the children's environment.”
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When asked to name benefits of hepatocyte transplant, 70% of Group B named the
minimally invasive nature of the procedure. 40% mentioned faster access to treatment, and
20% mentioned improved health until transplant. While no one in Group B considered
avoiding liver transplant beneficial for their own child, 30% discussed broader benefits of
avoiding organ transplants, stating that it could save organs for others or alleviate living
donors. One family in Group B could not think of any benefits of the hepatocyte transplant.
We provide illustrative quotations about motivators and benefits in Table 3.

Deterring Factors and Risks
The most significant deterring factor for families in Group A was insufficient prior data on
hepatocyte transplant, which was mentioned by 50% of interviewees. While 84% expressed
general support for research, and 2 families expressed gratitude to those families that
participated in early liver transplants, only 1 family, who consented to the trial, expressed a
desire to personally contribute to research. Another significant deterrent was the perception
that hepatocytes were an unnecessary procedure for the child if they served only as a bridge
to liver transplant.

When asked to name risks of hepatocyte transplant, 66% of Group A described the fear of
uncertainty associated with a new therapy, rather than any specific part of the procedure.
There were, however, some procedural risks mentioned, including radiation therapy,
infection, and rejection. In Group A, 66% perceived hepatocyte transplant as lower risk than
liver transplant. On the other hand, 66% also discussed the risk that the hepatocytes might
not correct liver function.

For Group B, the most significant deterrent was also insufficient prior data, mentioned by
70% of the group. Gratitude to others who take part in research was also expressed by 2
families, but no one mentioned a personal desire to contribute to research. For one family
from Group B, disappointment with prior research studies discouraged further trial
participation. 20% of Group B also mentioned that hepatocytes may be unnecessary as a
bridge to transplant. Moreover, 2 families in Group B questioned the utility of hepatocytes
because the trial protocol gave preference to a donor organ, should it become available
before hepatocyte transplant.

When asked about risks, the most common response in Group B was also a fear of
uncertainty, mentioned by 80% of interviewees. Only 20% of Group B perceived hepatocyte
transplant as lower risk than liver transplant and only 10% considered the risk that the
hepatocytes may not correct liver function. In addition, a perceived risk among 30% of
Group B was the misconception that trial participation would interfere with receiving a liver.

We provide illustrative quotations about deterrents and risks in Table 4.

Views of Alternatives to Hepatocyte Transplant
Perceptions of the role of hepatocyte transplant in the treatment pathway varied among
families. In Group A, 33% perceived hepatocytes as a replacement for organ transplant, 50%
considered them a temporary treatment, and one family (16%) viewed hepatocyte transplant
as temporary but acknowledged that it could obviate liver transplant. In Group B, 70%
viewed hepatocytes as a replacement for organ transplant, while 30% considered them a
temporary treatment

We analyzed direct comparative statements throughout interviews from both groups to
determine whether interviewees were evaluating hepatocyte transplant as an alternative to
liver transplant or to waiting for a donor organ. Direct comparison to liver transplant was
more frequent, occurring in 24 statements, while comparison to waiting occurred in 15
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statements. Surprisingly, although hepatocyte transplant was conceived as a safer alternative
to liver transplant, 79% of comparisons to liver transplant occurred during discussion of
risks or deterring factors. In contrast, 80% of comparisons to waiting occurred during
discussion of benefits or motivating factors, suggesting that families perceived hepatocyte
transplant as more beneficial than waiting, but riskier than liver transplant.

DISCUSSION
In this single-center qualitative study of parents' decision-making processes when faced with
a real or hypothetical option of phase I hepatocyte transplant trial enrollment, we identified
three key misperceptions that could potentially explain the lower than expected trial
enrollment. First, families of children with metabolic liver disease, rather than acute liver
failure, may underestimate the severity of their child's illness. Second, families were more
averse to unknown risks than to liver transplant with known risks. Third, families were
unclear about what point of comparison to use when evaluating hepatocyte transplant.

Deterioration of the child's health was the most frequently mentioned motivating factor.
Acute hepatic failure appeared to motivate parents to act immediately. Metabolic liver
disease, however, did not induce the same motivation, suggesting a hedonic adaptation to
the child's chronic health state. Many of these families named deterioration of child's health
as a motivator, saying they would have enrolled had their child been in a “life-threating
situation,” but would hesitate to do so now because their child seemed to be “doing
amazing” while others were “getting brain damage from the same disease.” Given the
unpredictable course of metabolic disorders (16), this is an example of optimism bias –
perception that negative events are less likely to happen to oneself than to others (17). A
combination of hedonic adaptation and optimism bias may lead families to underestimate
the risk of waiting and decline a trial therapy with potential for improving liver function.

The most significant deterring factor – lack of prior data – corresponded with the most
commonly mentioned risk – unknown outcomes. Parents had concerns about lack of
information on both the probabilities of expected risks and benefits and about unanticipated
risks. Unknown risk is a key dimension of risk perception and results in a systematic bias
towards technologies already known to science, even if they have large, known, and
immediately observable risks (e.g., transplant surgery). Unknown technologies, particularly
those for which the risk is not immediately observable or unknown to science, carry
significant weight in decision-making (18).

The known surgical risks of the hepatocyte transplant procedure include cancer due to pre-
transplant radiation exposure and complications from portal vein cannulation. A study of
liver irradiation during Wilms' tumor treatment found 4 instances of hepatocellular
carcinoma in 5,278 patients (19). Affected patients received 35–46 Gy of radiation, while
the proposed therapy for hepatocyte transplantation would only involve a 5–10 Gy dose.
Hepatocyte cell infusion to the portal vein is comparable to the 3% risk of partial portal vein
thrombosis reported for islet cell infusions (20). The likelihood of benefit is unknown.
Interviewees who were unwilling to participate in the trial said they would only allow a
procedure if they were “100% sure that it would work.” Ironically, these same parents are
awaiting a treatment that does not have a 100% chance of success: post-transplant survival is
90% at one year (21), and at 10 years, there is a 12% retransplantation rate due to hepatic
artery thrombosis, chronic rejection, or primary graft dysfunction (22). Significant surgical
complications include biliary duct complications (11.8% incidence), portal vein thrombosis
(5.2% incidence), and hepatic artery thrombosis (7.3% incidence) (21–23). Opportunistic
infections associated with immune suppression (40% incidence) are also a risk to survival
(21). The apparent underestimation of liver transplant risk may be due to connotations of the
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treatment's status as “standard,” and hence a misperception of risk tolerance due to the
“known” nature of these risks.

Significant inconsistencies in decision-making process may also stem from families'
perceptions of the alternative to trial participation. Some viewed hepatocytes as a bridge to
liver transplant, while others viewed them as a direct alternative. All interviewees oscillated
between liver transplant and waiting as points of comparison when discussing risks and
benefits. This variation shows that the relevant point of comparison may not be clear to
families considering trial enrollment. Although successful hepatocyte transplant could
obviate liver transplant, it is only offered to families already on the waiting list for an organ.
Thus, the choice is between just waiting or trying hepatocyte transplant during this wait. The
relevant comparison is whether hepatocyte transplant offers a benefit over waiting and
whether the risks incurred outweigh the combined risk of the child's disease and the
expected liver transplant.

To clarify this to families, risks could be outlined to include those of the child's disease as
well as available treatment plans. The discussion of benefits, if focused on waiting as an
alternative, already favors trial enrollment: statements in which interviewees compared
hepatocyte transplant to waiting occurred almost exclusively in the context of benefits or
motivators. Additionally, our center is considering changing the timing of hepatocyte trial
presentation to families. Previously, it was introduced simultaneously with liver transplant,
but based upon the current study, we believe that separating trial presentation from the
introduction of liver transplant could emphasize the trial as an alternative to just staying on
the waiting list, rather than an alternative to getting a liver transplant. It would also allow for
reiteration of the risks and benefits of both procedures, using appropriate comparisons. This
change in presentation may help clarify the role of trial therapy and make families more
amenable to participation.

Limitations of this study included a small study population, variation in the timing of
interviews with respect to the child's transplant, and systematic bias introduced by limiting
the sample to parents of survivors. Although the number of interviews was limited by the
rarity of pediatric liver transplants and recent introduction of the hepatocyte transplant trial,
we achieved thematic saturation in discussions of motivators and deterrents as well as risk/
benefit balances. Since families were in different stages of transplant planning or recovery,
the child's health at the time of interview may have created variation in responses. Notably,
we did not sample parents of children who died after liver transplant (as they did not present
to CHP liver transplant clinic for follow-up), and these parents may have had a unique
perspective on risks and benefits of treatment alternatives. Finally, interview questions did
not directly address perceived risks and benefits of liver transplant, which emerged as a
relevant factor in decision making.

CONCLUSION
We identified cognitive biases in families' decision-making processes that have potential to
adversely affect trial participation. Absent an acute clinical deterioration, families may
underestimate the severity of the illness and the risks of waiting for transplant. Also,
families may inadvertently compare hepatocyte transplant to certain liver transplant, rather
than to waiting for possible future liver transplant. In so doing, they weigh unknown risks of
trial therapy more heavily than known risks associated with liver transplant.
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Figure 1.
Sample
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Table 1

Standard Interview Questions

Demographics

What is your age?

What is your child's age?

How old was your child when he/she had a liver transplant?

What is your occupation?

What is your last completed education level?

How would you describe your race or ethnic background?

Previous Experience

What was the illness that qualified your child for liver transplant?

How long have you been aware of this illness?

What treatments/procedures has he/she already undergone?

Where did they take place?

Experience with Clinical Trial

When did you first learn about the hepatocyte transplantation trial?

How was this information presented to you (written or verbal?)

What were your first thoughts in response to the trial?

How much time did you have to make your decision?

Did you consult anyone for advice?

To what extent was your child involved in the decision-making process?

To you, what were the most important risks associated with the trial?

To you, what were the most important benefits associated with the trial?

Which of these was your biggest concern?

Had you done any prior research about your child's illness? What were your sources of information?

Did you do any additional research after learning about the clinical trial? What were your sources of information?

Did any of the additional information (from research or from asking for advice) change your initial opinion?

Did anyone else's opinion alter yours?

Is there any additional information that you think would have been helpful as you were making your decision?

How do you think your decision-making process would have been different if you were the patient rather than your child?

Would you consider participation other clinical trials in the future?
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Table 2

Participant Demographics

Parents

Age (median) 37 years

Gender

 Female 15 (79%)

 Male 4 (21%)

Race

 White 17 (89%)

 Black 2 (11%)

Occupation

 Home-maker 6 (32%)

 Educator 2 (11%)

 Construction worker 2 (11%)

 Other, including: 1 (5%) each

 Student, corrections officer, nurse, reporter, administrative assistant, paralegal, salesperson unemployed

Education Level

 8th grade 3 (16%)

 High School 5 (26%)

 Some College 6 (32%)

 College 2 (11%)

 Graduate school 3 (16%)

Children

 Age (median) 7.5 years

 Age at Transplant (median) 3 years

 Diagnosis

    Acute Liver Failure 3 (19%)

    MSUD 2 (13%)

    CPS-1 Deficiency 2(13%)

 OTC Deficiency, Crigler-Najjar Syndrome), Alagille's Syndrome, Biliary Atresia, Polycystic Kidney and Liver Disease,
PFIC, Alphal-antitrypsin deficiency, Infantile hepatitis 1 (6%) each

 Type of Transplant

 Liver Transplant (Hepatocytes not offered) 10 (63%)

 Liver Transplant (Hepatocytes offered) 4 (25%)

 Hepatocyte Transplant 1 (6%)

 Hepatocyte and Liver Transplant 1 (6%)
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