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Abstract

The shortage of donor organs for transplantation is an international problem.
One promising option to meet the need is xenotransplantation (XTx; e.g. pig-to-human).
However, there are still questions surrounding XTx that must be answered before
proceeding to clinical trials. The current work is a meta-analysis of articles published
between 1985-2019 to analyze the factors most strongly associated with agreement and
opposition towards the procedure. Although 80% (41/51) of the published studies were
related to the opinions of patients, only three provided sufficient data for analysis. Thus,
the bulk of what we really know about attitudes towards XTx comes from students,
stakeholders, and hospital staff. The findings suggest that, before proceeding from the
laboratory to clinical trials, more directed research is necessary from individual
programs to achieve sufficient understanding of the attitudes of patients and the broader

public, and the level of risk that is acceptable to these groups.
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Introduction

Given the shortage of organ donors, and the ever-increasing number of
individuals needing organ transplantation, a worldwide dilemma for clinicians exists.
Numerous approaches to address the donor organ shortage are currently under
consideration. Xenotransplantation (XTx) (genetically-engineered pig-to-human) is one
of the options that could potentially provide an endless supply of organs for patients with
end-stage organ disease. However, there are still questions surrounding XTx that must
be answered before proceeding to clinical trials and routine practice of the procedure.

Although porcine tissue has been used in numerous other medical treatments
and procedures (1-7), no whole organ transplants have yet occurred. While the social
impact of these tissue-only procedures has been minimal, with only limited concerns
expressed by patients or the broader public, the acceptability of whole organ XTx is
uncertain.

The importance of fully engaging the public prior to clinical testing has historical
precedent. In 2002 and 2004, public consultations on XTx in Australia were flawed in
both their design and process. By pre-emptively suggesting a desired outcome for XTx
to be ‘allowed to proceed’, they failed in their ability to meaningfully engage and involve
the citizens. This approach resulted in a complete moratorium on clinical trials of
animal-to-human organ transplantation in Australia until 2009 (8).

The results of some of the more well-known prior XTx efforts have not always
resulted in a positive perception about the procedure. One of the most controversial
moments not only in XTx, but in medical history, which caused opposition by animal

rights advocates, and some ethicists, theologians, scientists, and a section of the



medical community, occurred when surgeon Leonard Bailey transplanted a baboon
heart into an infant known as Baby Fae (9). The fact that XTx efforts were attempted in
the early part of the 20th century outside of any trial, proper navigation of any XTx
clinical trial will be of utmost importance (10). Although nothing can be done about the
prior actions, this does illustrate the importance of proper preparation to address the
medical, as well as patient and public, beliefs and attitudes prior to the initiation of XTx
clinical trials.

Understanding the basic science of XTx, and selection of the initial patients are
both crucial to maximizing a successful XTx clinical trial. According to the World Health
Organization (WHO) and the International Xenotransplantation Association (IXA), it is
important to evaluate and determine if the existing knowledge is sufficient to recruit
patients, with the reasonable expectation that the public is in full agreement to do so
(11).

The purpose of the current meta-analysis is to combine and analyze data from
several related, but independent, studies. Meta-analysis allows researchers to increase
the sample size and statistical power, and to combine statistics from several studies to
produce a single statistical test of significance for the entire body of literature that may
have gone undetected in single papers (12-13). This allows researchers to form ideas
about the overall effects. This being said, there are limitations to meta-analyses, such
as the heterogeneity of subjects and conflicting data between studies (14).

To our knowledge, no meta-analysis of the social aspects and opinions
concerning XTx exists. The goal of the present meta-analysis is to analyze the current

data regarding the opinions of patients, physicians, and nurses to XTx. A primary goal



was to identify the factor most strongly associated with agreement with, or opposition
towards, the procedure. Given the international interest, current literature involves
citizens from various countries across the world. A secondary goal was to identify which
aspects (psychosocial, religious, or medical) were most responsible for their perception
about the procedure. The psychosocial challenges surrounding the patients in need of
an organ and how it will impact their lives is of vital importance. This also extends to the
medical staff who will care for these patients. Caring for future XTx patients will require
a multidisciplinary team, with a comprehensive appreciation for psychosocial well-being.
Methods:

PubMed and Cumulative Index of Nursing and Allied Health (CINAHL) databases
were searched for potential articles published between 1985 and 2019, inclusive. The
search terms used were psychosocial factors, psychosocial, theological, ethical, and
moral attitudes, and public perceptions to identify studies specifically related to patient,
nursing, and physician attitudes to XTx. The initial review produced >200 references
regarding patient, medical personnel, and the public attitudes, perceptions, concerns, or
level of risk they would accept (Figure 1). Only a relatively small number of those
studies resulted in peer-reviewed articles, most of them theoretical or value-based in
nature. Of those published, some were in foreign languages, which resulted in only 51
being available through the university reference library. Of these, 41 surveyed
patients, 9 surveyed nurses, and 1 surveyed physicians. Abstracts, articles published in
foreign languages, and those that could not be located through the university online
library services were excluded, a total of 19 papers were available and considered for

meta-analysis.



Preliminary review of the 19 studies being considered, presented with
considerable independent variable heterogeneity, and exhibited significant variability in
the questions asked (15-34). However, the majority reported that, among those
surveyed, >50% supported XTx (16-18, 20-24, 27-31, 33-34), with a range from a low of
37% (18) to a maximum of 83% (32). Of the 19 data-based studies, 12 were
considered for inclusion in this study, but only eight provided original data in a usable
format for meta-analysis (15, 20, 23, 26, 30-31, 33-34). Two of the 12 articles (22,32)
were excluded because the data were very similar to attitudes toward
xenotransplantation in other articles. Another article (21) was excluded because the
data and population were the same as those presented in a previously published study.
One study (16) was excluded because data on attitudes toward xenotransplantation
were not specific enough to be analyzed. For example, key data were presented as
follows "Assuming the xenograft could be transplanted with equal success as a human
graft, more than 50% of both waiting list and transplant patients stated that they would
readily accept a xenogratt..." (p. 387). of those 19 articles yielded 8 that contained data
that could be used to calculate effect sizes (Table 1).

Data were extracted and entered into Comprehensive Meta-Analysis 2.0 (CMA
2.0) for calculation of effect sizes. Data were reported in a variety of ways. Some of the
studies reported findings through means and standard deviations, others correlations,
while some listed Odds Ratios (ORs). Some data were presented as simple count
data; for example, reporting the number of those in favor of XTx versus those not in

favor. All data were converted to ORs for consistency, ease of interpretation, and as a



measure of effect size. Data extracted included a heterogeneous mixture of
independent and dependent variables and corresponding statistics.

The study population column within Tables 2 and 3 were classified as either

students, patients, professionals, public, hospital staff, or stakeholders. The
comparison /independent variable (IV) column compared the dependent variable, in
favor of XTx (Table 2) or not in favor (dis-favorability) towards XTx (Table 3).
Confidence interval (Cl) data were presented and reflects the level of heterogeneity of
variance that was influenced by varying sample sizes. The null hypothesis was that the
OR was 1, or the odds of favoring XTx were equal to the odds of not favoring XTx. The
Z statistic is a measure of standard deviation units from the mean. The p value was a
measure of the probability of having an odds ratio that is due to chance alone, and
reported for those values <0.05.

Following calculation of effect sizes by CMA 2.0, data were tabulated and sorted

according to effect size. ORs were sorted in descending order so that variables with the

largest effect sizes in support of XTx were near the top (Table 2). Table 3 shows ORs
sorted in ascending order, to highlight the relationships that are predictive of dis-
favorability towards XTx.

Results:

The eight studies reflect a very diverse geographic area as reported in Table 1.
Each of the studies provided the types of study participants, demographic information,
followed by religion and perceived medical results. After that there was a great deal of

heterogeneity about the questions, their format, and authors area of interest.



Table 2 presents the odds ratios in descending order for the variables that
indicate their presence will result in support for XTx. The most important factors were: (i)
personal experience with transplant (OR=16.8, p<0.01); (ii) perceived benefit of XTx
(OR=9.83, p<0.01); (ii) partner's favorable attitude toward XTx (OR=5.80, p<0.01); (iv)
area of the country in which the participant lived (OR=4.27, p<0.01); (v) favorable
attitude of one's religion toward XTx (OR=3,22, p<0.01); (vi) a favorable attitude toward
cadaveric donation (OR=2,58, p<0.01); and, (vii) whether or not one was a current
organ donor (OR=2.48, p<0.01).

To illustrate the heterogeneity found in the independent variables studied,
additional variables included: (i) year in school (i.e., students in advanced years were
consistently more positive toward XTx than were students in earlier years-multiple
comparisons); (ii) whether or not one had discussed treatment with the family; (iii)
marital status; (iv) whether or not one might possibly need a transplant to cure an
existing illness; (v) physicians vs. healthcare assistants; (vi) willingness to accept pig
cells to cure an existing illness; (vii) favorable attitude toward cadaveric donation; (viii)
status as a current organ donor; (ix) gender, (x) area of the country in which the
participant lived; and (xi) several other demographic variables..

Table 3 presents the same odds ratio comparison, except from the perspective of
the variables presence indicates less support for XTx. The belief that a porcine
xenograft might alter one's self-image suggested the least support for XTx (i.e.
OR=0.12, p<0.01). This effect was paralleled by a significant and inverse relationship
(OR=0.23, p>0.01) between increased moral concerns and less approval of XTx.

Comparison of income to expense, and perceived medical risk were also high in this list



of inverse relationships. The table also shows that year of education for nursing
students (i.e., 3rd vs. 4th.) and physician status (professional vs. trainee) were inversely

associated with less supportive attitudes toward XTx.

Variables that were not significantly associated with attitude toward XTx
included education (OR=1.92, p=0.055), employment status (O =1.14, p=0.62), marital
status (OR=1.17, p=0.19), and religion (OR=0.90, p=0.37). Only one of the included
studies reported usable education-level data (30). From that study, odds ratios,
calculated for each comparison, were as follows. On porcine xenotransplants, the high
school versus university comparison yielded a non-significant odds ratio (OR=0.60,
p=0.452). Similarly, primary and secondary vs. high school students, rating attitudes
toward porcine xenotransplants did not significantly differ (OR=0.22, p=0.200). Primary
and secondary students versus university-level participants on porcine xenotransplants
were not significantly different at the .05 level (OR=0.13, p =0.057). Results on attitudes
toward bovine xenotransplants were similarly non-significant across all three education-

level comparisons.

Only one study reported usable data pertaining to employment status (31).
Neither attitudes toward bovine xenotransplants nor attitudes toward porcine
xenotransplants produced significant odds ratios (Bovine, OR=1.027, p=0.927; Porcine,
OR=1.612, p=0.375). However, the combined effect of age did produce a significant

combined test statistic (reported above).

Two studies reported usable data pertaining to the relationship between marital

status and attitude toward XTx (20,31). The combined effect for these studies was not
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statistically significant (OR=1.17, p=0.19). Religion, religious attitudes, and religious
beliefs failed to produce a combined, significant effect on attitudes toward XTx

(OR=0.90, p=0.37).

Discussion:

The initial review of the selected works presented with several issues that made
a thorough and complete meta-analysis problematic.

First, the limited number of articles available for review was the most challenging
factor encountered. Although there is no minimum or maximum number of studies
necessary to conduct a valid meta-analysis, in this case the paucity of available studies
reflected an absence of in-depth information, rather than the limitation of the procedure
itself.

Second, the data presented, in most cases, were not in a format that lent itself to
further comparative analysis. In some cases, only the most basic percentages were
reported.

Third, the lack of any standardized approach to questioning respondents
regarding their opinions. For example, of the final eight articles included in the meta-
analysis, religiosity was addressed from several different perspectives: (i) one series of
articles asked if the participant was Catholic, non-Catholic, or other (20,30,34); (ii) one
article included four items pertaining to religiosity and moral concerns that were
measured on a seven-point Likert scale (33); (iii) one article used a standardized
religious fundamentalism scale (31); while (iv) another group coded religion as yes or no
without showing the form of the questionnaire item (i.e., how the question was asked)

(26). A bigger concern about the questions asked revolves around genetic
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engineering. Only three of the studies reviewed had specific questions regarding
genetic engineering. Here too, the nature of the questions were problematic making a
cross-comparison extremely difficult.

All of these factors posed significant limitations for both comparing individual
study data, and the amount of generalized information that can be drawn fromit. The
real irony of the meta-analysis was that, although 80% (41/51) of the published studies
were of patients, only three included enough patient data to be included within the final
meta-analysis (15,23,31) . Thus, the minority of studies were of students, stakeholders,
and hospital staff, and it was these groups that provided the bulk of what we know about
those who are in support of XTx as found in Table 2.

The same logic applies to the findings in Table 3, or those factors associated with
a lack of support for XTx. Only two studies produced significant odds ratios about
patient views that failed to support XTx (preferred human-to-dog and pig liver; and
income to expense ratio, respectively) (23,31). All the other factors found significantly
less likely to support XTx were among students, stakeholders, or hospital staff.

To date, numerous studies have been conducted and reported about patient
attitudes and beliefs, but the bulk of the information that was useful for meta-analysis
related to what ‘non-patients’ believe. The question then becomes, how reliable is any
meta-analysis about patient views that include only three studies? More importantly,
information about the broader public views and perceptions is almost non-existent when
comparisons were attempted through meta-analysis.

When considered within the context of the WHO and IXA guidelines, we would

suggest that, based on the current literature, there is insufficient information available
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for an individual team to initiate clinical trials. In other words, before proceeding from
the laboratory to the clinic, much more directed research is necessary by the individual
program to identify patients, medical staff, and the broader local public’s views,
reactions, and level of risk they are willing to accept, prior to the conducting of clinical
trials.

The findings from this work do not suggest the inadequacy of meta-analysis as a
viable tool in preparation for clinical trials. In fact, they clearly indicate otherwise. Itis
reasonable to conclude that we do not have the depth of understanding about patient,
public, and professional staff attitudes towards XTx as we may think. This is not an
indictment of the existing work, but may be an indication of the need to use a more
standardized and systematic approach is necessary to explore and report XTx
perceptions and attitudes. The current analysis reflects that there are research groups
who have already done so, and this may prove to be increasingly important as XTx

moves from the laboratory to clinical trials.
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Figure 1. Article Screening and Elimination Process
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Table 1: Studies used for meta-analysis on attitudes to xenotransplantation

Country

Spain

Italy
Poland
Sweden
Argentina
Malaysia

Turkey

N

Authors

Rios, et al., 2006,

Martinez-Alarcon 2019
Rubatelli, et al., 2008
Mikla, et al., 2015
Persson, et al., 2001
Abalovich, et al., 2017
Amin, et al., 2018

Gungormus & Gungormus, 2017

(n=)
1,398
8,913
271
325
994
104
469
203

19



Table 2: Odds Ratios for Independent Variables and Positive Attitudes Toward Xenotransplantation

Study Comparison Statistics for each study Odds ratlo and 95% CI

Odds Lower Upper

ratio mit limit Z-Value p-Value

Rios i with i 16.8 12.0 23.5 16.3 0.0 ——
Amin Perceived Benefit 9.8 6.7 14.5 11.5 0.0 pre—
Rios Partner In favor of Xtx 5.6 3.3 9.5 6.3 0.0
Martinez Eastern vs Northeastern 4.3 3.9 4.7 3241 0.0
Rios Religion In favor of Xtx 3.2 1.2 8.3 2.4 0.0
Rios Physicians vs Assistants 2.9 1.9 4.4 5.1 0.0
Abalovich E. P. vs T. (Cure Diabetes) 28 1.3 6.2 2.6 0.0
Mikla Favors cadaveric donation 2.6 1.6 4.1 4.0 0.0

Fourth Year vs. Other 2.4 1.3 4.4 3.0 0.0

h E. P. vs T. (Accept Pi 24 1.3 4.3 2.9 0.0

23 1.2 4.4 2.6 0.0

hE.P.vs T. (Improve

—
-
_—
—_—
——
—
—
—_—
—_—
Nursing Course: Fourth vs. Fifth 23 12 43 26 0.0 ]
Insured vs. Uninsured 22 02 19.9 0.7 0.5
Amin Biotechnology Engagement 21 1.5 3.0 4.4 0.0 ——
Martinez Central vs Northeastern 20 18 23 129 0.0 -
Rios icians vs. Ancillary 20 15 28 42 0.0 ——
Amin Attitude to Nature 20 14 28 40 0.0 ——
Mikla Social Interaction: Partner Opinion 1.9 0.9 4.1 1.8 0.1 [r———
Martinez Second vs Third 19 15 24 54 0.0 e
Rios Sex (Comp 1 = Male, Comp 2 = Female) 1.8 1.4 24 44 0.0 ——
Martinez Discussed this with family (yes vs no) 1.8 1.6 20 113 0.0 -
Rios Physician vs Nurses 1.7 1.2 2.5 3.1 0.0 —
Rios Prosocial voluntary activities 1.7 14 28 23 0.0 B
Persson Diabetes and could be cured 1.7 1.2 24 3.2 0.0 ——
i i could be i 17 13 24 33 0.0 ——
Persson Patients vs Public: Human organ not available. 1.7 1.3 2.2 3.7 0.0 e
Rios Nurses vs Healthcare Assistants 1.7 14 25 25 0.0 ——
Persson Animal Heart: Same Result and Risk 1.7 1.2 22 3.3 0.0 ——
Martinez Discussed with friends (yes vs no) 1.6 1.5 18 9.4 0.0 -
G&G  Urban vs. Rural 1.6 05 53 08 0.4 ———————
Martinez Eastern vs. Central Area 1.6 1.2 21 3.6 0.0 ——
Martinez Central vs. Northern Area 1.6 1.1 2.2 2.7 0.0 —
Persson Public: Human organ not available. 1.5 14 24 23 0.0 e
Rios Hospital Professionals vs Control Group 14 08 26 1.1 0.3 —_—
Mikla Nursing Course: Second vs. Third 1.4 0.8 23 1.3 0.2 ———
Rios Medical vs Ancillary Services 13 1.0 18 1.8 0.1 —
Rios Single vs. Married 1.3 1.0 17 20 0.0 —
Persson Animal Kidney Greater Result and Risk 1.3 1.0 1.7 1.9 0.1 [r——
Martinez Eastern Area vs Northern Area 13 14 15 3.8 0.0 —_—
G&G  Employed vs. Unemployed 1.3 06 30 06 0.6 —_—
Martinez Age: In favor, Not in favor 1.3 14 15 3.2 0.0 —
i ic vs, Non ici i 13 14 15 33 0.0 el
i ibly need 1.3 14 14 33 0.0 o

°
°
2
°
a
a
a
°

Does Not Favor XTx Favors XTx

Odds Ratios are sorted from high to low



Table 3: Odds Ratios for Independent Variables and Negative Attitudes Toward Xenotransplantation

Study namdndependent Variable Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Valuep-Value

Animal vs. Liver 0.1 0.0 0.5 -2.9 0.0
Amin Perceived moral concern 0.2 0.2 0.3 -8.2 0.0 ——
Amin Perceived risk 0.3 0.2 0.4 -6.7 0.0 —
Rios Surgical vs infant maternity 0.3 0.1 1.1 1.8 0.1
Rios Medical vs infant maternity 0.4 0.1 1.3 1.5 0.1
Mikla Nursing course: third vs. fourti9.4 0.2 0.7 -3.2 0.0 —————
Rios Temporary vs MIR 04 03 0.7 -3.7 0.0 ——
Rios Contract vs. Resident 04 03 0.7 -3.4 0.0 ——
Rios Permanent vs MIR 0.5 03 0.7 -3.7 0.0 ——
G&G Prim. & Sec. vs. HS 0.5 0.1 2.7 -0.8 0.4
Martinez Partner’s opinion about ODT 0.5 0.4 0.7 -5.3 0.0 ——
Rios Age 0.6 0.4 0.9 -2.5 0.0 ——
G&G Highschool vs. university 0.6 0.2 23 -0.8 0.5
Martinez Southern vs northeastern area0.6 0.5 0.8 -4.2 0.0 ——
G&G Eq. vs. More Inc. to Exp. 0.6 0.2 2.0 -0.8 0.4 e ——
Martinez Publically vs privately funded 0.7 0.5 0.9 -3.3 0.0 ——
Rios Medical vs. Ancillary 0.7 0.5 1.0 1.8 0.1 ——
Rios Professionals vs public 0.7 0.5 1.0 2.1 0.0 ——]
G&G Eq. vs. Low Inc to Exp 0.7 0.3 2.0 -0.6 0.5 ————
G&G Marital status 0.7 0.3 1.7 -0.7 0.5 ————
Martinez First vs second 0.7 0.6 0.9 -3.9 0.0 —
Mikla Male vs. female 0.7 0.3 1.6 -0.7 0.5 ——
Martinez Southern vs northern area 0.8 0.7 0.9 0.0 -
Mikla Knowledge and attitudes 0.8 0.6 1.1 0.2 ——
Amin Religious belief levels 0.8 0.6 1.2 0.3 —
Rios Surgical vs medical 0.8 0.6 1.2 0.3 —
Rios Infant maternity vs central 1ab0.9 0.6 1.3 0.5 ———
Martinez Yes vs. no 09 0.8 1.0 0.0 =
Martinez Yes, in favor vs yes, against 0.9 0.8 1.0 0.0 -
Persson Attitude toward animal heart 0.9 0.7 1.2 0.4 ———
Martinez  First vs third 0.9 0.8 1.0 0.1 —
Rios Temporary vs contract 0.9 0.6 1.4 0.7 ——
Martinez In favor vs. not in favor 0.9 0.9 1.0 0.1 -
Rios Surgical vs. central laboratory1.0 0.6 1.5 0.9 ——
Mikla Discuss Xtx with family 1.0 0.7 1.3 0.8 ——
Rios Not related vs. related to tx 1.0 0.7 1.3 0.9 ——
Rios Maternity vs ancillary staff 1.0 0.7 1.4 1.0 ——
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